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METHOD OF AN SOUND MODE STRUCTURE DEEEFRMINATION
COMPUITER PROGRAM USER'S MANUTA
MICROPHONE T OCATHON PROGR AM

by

Gl Pichet ROA Wellsand RD A e
Peatt & Whitney Aireraft Group

1.0 SUMMARY

Uhis computer user's manual deseribes the operation and the essentil features of the Micro:
phone Tocation Program. one of the iwo programs developed under the Method of Fan
Sound Maode Stracture Determination Progeam, NASI- 0007 Jointly, the two progrims are
used todeternune the coherent modal structure inannular geometnes. he parpose of the
Microphone Focation Program is to determine microphone locations that ensure aceurate
and stable results from the equation sy stem used to calentate modal structures in the secomd
of the two programs. As part of the computational procedure for the Microphone Location
Program, a first-order measure of the stability of the equation systenn s indicated by o mat-
ris eonditioning” number.

20 INTRONU'CIION

New fan designs Tor modera hich by pass catio conmercial engmes utilize blade-vane inger
action theory to the estent possible for contiolling the propagtion of intetaction noise Cur-
ettty this theory detines the modes that can propagate, but has not been developed to the
entent that ic can reliably prediet the strengths of the propagating nudes,

Further noise reduction could be achivved i the propagating modal steuctore swese quanti-
fied. Oace the madal structure were detmed, an analy tical system far acoustiv-tresttoent de-
sign could be unilized 1o optimize treatmend foragiven modal stoactuee, to produce more
ctlicient schenres T addition, the modal stracture contd be emploved 1o verify developing
thearies of fan noise gencrtion. Vo provide this capability I means of measured data, the
Mothod of Fan Sound Mode Stroctare Determination Proeram (INAS 3 2004 9 was undertaken.
Uhe method would be utitized until asalid Fan nodse peacration medel on a modstl basis be-
comes aviilable,

Uhe theors upon which B spmning mode theory s tounded was preseated in 1901 iy Tyle
and Sotrm et T tollowing extensive analy teal and expermenial studies. Tater, Solom ad
MeCann teer 2 derived the general form o o coherent acoustie wanve wan inlinitely long v
hndncal duct which extended the theon tomelude ctiects o asal ow  This equation -
presses the colierent acoustic pressare at Tocations in the duct as o tunction o the amplitade
artd please of the propagating modes comprosing the sound teld Fhese parebs coherent sige
tals, which e dae (o the conttibutions of the constitoent modes, ate extracted feom the
overd] sienal by calancement techmgques adapted at Pratt & Whitney Anceadt the advan
tares of utilizing spal cnluscement is discussed by Poses eferenee @




Both the wnaly teal expressinn derned for 4 peneral colwerent aconstiic wave amd o) sl ene
hancement technigoe tonmn the busis for developing a metiiond 1o determine fan sownd oo
structares. he methad, in prineiple, s capabie ot determining the amplitude andd piuise off
S nendes that can Moparale aba piven frequeney . In practee, the numbher of modes that can
e determiined i imted by (he sovage capaciey sund the sunning tinge of the camputer and by
mesuiement and location ey

Phe method Tor determinmg Lin sound nyode structuee tref -3 requires fwo COmpUter pro
grms. a Microphone 1 ocation Provranm (MY and o Modal Caleulition Program (MY,
Phas Usen's Maniat desctibes the M| Pothe MOP is prosented in caonpsinion Ml

Fhe MA P adentiries mcraphone locations in the duct for MEASULING deoustic pressures for in-
put to the MCP that will insure 3 munerically stable solution. The MCP caleulates modal
structures fronn aconstiv pressure mastements and citleulittes coetficients that cian be psed
to determine ehe seasitivity of the modal calenlation procedure 1o fisstorder errors in doustic
PIEssure weasurenments ind microphane placement.

In the following sections. the stlgorithm tor microphone location and he program clements
stch as subrowtines, tunctiongl clements, and principal clement interrelationships — are dis-
cussed. A description of the nmput pacimeters is included.  The autpul format is also deseribed
and dlostrated by o sample case. Finally. a listing of the progrim code s provided in Appendin
B.

4.0 PROGRAM DEFSCRIPTION
3.1 ALGORIITHM

Fhe Microphone 1 ocation Progrant is an alporithn w hich systematically determines micro:
phone locations that satisty theee criteriy

B The number of selected locations cquals the number of mundes.

e selected locations mantmize the determinant associated with an equation
system el D characterized by perturbing one location w hile the previous
tocations are fined.

v The locations are restricted to the duct wall undil the specilic modes becone
practically indistinguishable 1hen radial prabe focitions are used.

Fhe procedue ror sclecting the nicrophone locations was developed using both 3 stoichio-
meteic search procedure amd microphone iaceeptanee proceduie. Output from these pro
cedures stre the micraphone locations that provide aceurate and stable solutions when tsing
At W Crsion ey huques. This procedur is described in aeforence J with vespect 1o the
overdl program objectives A description ot the propram alroritlm s provided below

Fhe mpat to 1he Prostam consists of - the sound tickd in the duct comprising N deousiie

duct modes, the peomettiv bameters (oo e duct tadis, b P o b the 1est paninie tens
o frequeney, asal Maeh nuber, speed of sound)d, and | tegron i the duct where mincro
phoaes can be placed with g tetetence nuctophone location specthicd on the duvt wall, I 'hye

) . e o e
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N orodes are then ordered such that the cireumterential mode indices are arranped Largest (o
siitaltest and the conesponding radsal mdivies are ordered rom Larpest fo smallest withm each
circtiilerential nmoske sdes

Uhe mirerophione location proceduse is initiated by introducing both the fust mode i the
spoc tlied arder amd the above reference miceophone location imto the equation system

e sevond mode m the sequential order is then intradueed into the equation system and the
correspomdimg second location is determined using a stochostie search procedure. Flus pro-
cedure selects a location that manimizes the absolute mapniiude of the determinant associited
with the resulting 2N Y matny equiation sysbem. Phe selected location is ohitained by anaters-
tive process in the two coordimites (L on the duct wall using randomby generated locations
in the region where microphones can be plced.

Uhwe first attempt generates microphone coordinates from i Gaassian distribution characterized
By amenn ad the middle of the search repion witha standad deviation equal to half the en-
pth of the search remon. Five hundred candidate microphone focations are generated within
this region, and the vorresponding determinant of the equation system is valeulated. Quly the
thirty microphone locations it yvield the Targest magnitnde of the detenmimmt and the value
of the deteeminant are retained, e mean and stapdatd devianon of these thinty values are
cibo ubted and then used 1o restrie! the sest attempt to determine a suitable lociation.

Fuve hundeed microphone locations are now sndamly generated for a second time, but cor-
respoiding o the new stansticdh mtormation. Uhis process of redetinemg the statistical para-
meters and randomh penerating tive humdeed locanons is continued until the range of the
thirty valoes cottespomdimg to cach mmerophone coordinate has comverged to within a speciticed
tolesinee or untd Tty iterations ive been completed

At thus time. the selected muctephone location  which corresponds to the Jargest value off
the determimnt ctdeulated from the resulting 2 N 2 e cqiiition system s examined
by e nuerophone location acceptance procedure. A comditioning number gref. ) is caleo-
Batedd s the matio of the extreme epen valies assovited with the eguation system. Fhe con-
ditonme number is a tirst-order measure of the sensitivity of the equation system (o small
pei turbations in microphone location or pressure measurement H the conditioning: number
v less than or equal to o specilied value (oo p L one hondred), whicl s mpat 1o fhe prograun,
then the equation system is considered o be well conditioned i a mathematical sense. In
thits case. the microphone Jocation is aeceptable, and the thed mode i the ordered sequence
s mtroduced i the resultmg 3N 3 equaton system, Phe stoichiometric search proceduee is
then iaated to tovate a thind microphione on the duct wall, using a two pasimeter (N0}
seurch provedure.

When the condiiionmge monber is preater than the specificd value, twao posaibilities exist. In
the Tist possibibiny, the stochoste search procedinre is reinstated (o obigin g suitable tuero
phone location ana tadid probe Phis procedure uses a v o parametes G seatch, assannng
araduah probe at ihe furthest focatnion from the fan swathin the avial iepions Subsequent micro
phones e placed on s probe usiog a onespacaieter G seach untl the conditiomng aum
Ber s ercattet than the spectied salue or the masunun number of nuciophores pet probe s




satisfivd. by either case, i two parameter (1, 0) searclyis used o select i alternate location
assuning o nevs radial probe, The secomd possibility is when the selected microphone loyi-
tionis the Tirst 1o be pliced on a probe, using the above two-parameter (r, 0) search, and the
conditioning number is stifl preater than the specificd valoe. In this case, the focation is je-
cepted and no further microphones are permitted on the probe. Radial probes are used to
locite microphones for cither passibility until the maximm number of probes as specified
by input is reached. When this OCCUES, dmessage is output to the offect and the PEOBENN CXe-
CULION §s terminafed,

As an option, the Microphone | ocation Program also can be used to assess the suitability of
an existing set of microphone locations to provide satisfactory input data to the Modal €al-
culation Program, The previously discussed stochostic searel procedure and aceeplance pro-
cedure are not utilized in this option. The suitability is assessed by means of the value of the ”
conditioning number caleulated from the cigen values of the equation system, I the number
is less than a specitied level, the cquation system is considered to be well conditioned in a
mathematical sense,

e e

Expericnce gained from running analytical test cases has shown that a good upper bound for
the conditioning number is on the order off ten. For this conditioning number. at least three
signiticant figures are retained in the nEHrix inversion algorithm. To cxpedite the intermed-
inle steps of locating cach suceessive microphone, the vilue that is internally initialized at
exeeution of the program in licu of any imput value has been chosen to be 100, This vahie
can be altered by input prior to the data case if more or less accuracy is desired. However,
(o ensure stability, the linal conditioning mnnber should be about ten.

[P P—

3.2 PROGRAM OVERVIEW

The Microphone 1 ocation Program comprises six program sections which are utilized in part ‘
or whole to accomplish the objectives of the two pussible modes of operation. These si see-
tions are:

1y Input - The input of all data is by the NAMELIST specification, and the internal pari-
meters are initizhized for program execution.

2)  Characteristic Number Caleulation - The characteristic mumbers k ':{m and Q::m are
caleulated using the procedure in Appendix A,

3 Microphone Location Determination Aniterative procedure is defined tor sitevessively
locating cach microphone. The alporithm determines locations that nuiximize the de-
terminant of an ecquation system characterized by perturbing one location while the
previous locations are fixed. This procedure was described in Section 3.1.

) Conditioning Number Caleulation - A conditioning number (ref. 53 is cateutated Tor the
deoustic wave cquation matrin after detennination of ciach microphone location. The
comditioning number is defined to be the ratio of the exbreme cigen values of the maltrix.

5 Microphone 1 ocation Aceeptance - Aceeprance of i miciophone focition s hased on the
magnitide of the conditi ming number. The location proceduse is 1einstated w hen the



conditioning number is preater than a catenuam specifivd as input. A vilue of 100 s in-
ternally indtilized i a value is nol supplivd by the user. A deseription of the mivrophone
avcepliney provedire wiis presented in Section 3.1

o) Output - Alb eesults cateulated by the program are printed

Uhe mterrebitionships beiween the sis program wotions and their utility for cach option is
Mustrated in Fiptre 1. As input, both options require i specilic mode group.inlet geometry,
aud test condition to caleutate characteristic aumbers. One aption, A, requires additional
inpttt in the form ol stochastic search panumeters o hound the peometry where microphone
locations can be placed. Additionally. option A examines the vonditioning number to deter-
mine whether the cquation system associated with the introduction of cach suceessive mode-
microphone lovation is well conditioned ina mathematical sense. Phe other aption B, requires
that the microphone lovations be specificd as input cither arbitrarily or asa set of existing
Jocations. 1n both options, the comditioning number is caleulated Tor the acvoustic wiave ¢qua-
tion system. Phis number is utitized by the computer progeim in option A to determine whether
cach microphone location is acceptable For acquiring experimental data, Option B supplies
this value to the user to evaluate an existing set off focations. The results from both options
are printed by the output section.

1.3 PROGRAM SUBROUTINES AND FUNCTIONS DESCRIPTION

e subroutines and functions used in the six progrim sectiots presented in Section 3.2 are
fisted Delow. Ulie purpose of cach subrotitine ot function is described, Also. as appropriate,
a principle clement diagram of the mote comphicated sections are presented and discussed.

Input Scction

Flwe input ol data to the contpuler progrim is Dy the NAMELIST fornat. This form ot in-
put is deseribed in Section 31, and are set by specitying both the inpul varible e and
its vilue. I Section 3420 there isa listing of the input variable names with a correspomding
description of their purpose for operation of the computer prograne. Allinput are reasd into
the program by the tollowing sttbrouline:

INPUT - Uhis subrontine inputs data for cach case and sets wp the necessary internal para-
metlers.

Characteristic Number Caleulation Section

s pressions e devived in Appendiv A for solving fwao simubtaneous cguations that yicld the
cliaracteristic nmbers k;l;;l and l)‘l'"”. A principle element diagram is provided in Figae 2

fo tusteate the tunetional elements that lead toa determtination of these numbers, Initially.
(e order of the Bessel function baand Yo are determined trom the ciccnmterential onde
ol particular mode. The Jovand Ym Bessel functions aee then evalirtted, as appropriate de
pendme on the salue ot the duct hub tp ratio vivlding the value ot l\;::“ wd ():'"“ by solving
e smultaneots cquations cotprising these Bessel Tunetions
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e subroutines and Tanetions (it are wtilized in this section ane

KQCAL - This subroutine valeulates the characteristic nmbers k;::“ and :}HH

KMUCAL - This subroutine is used by KQCAL to cateubate the characteristic number km(:u-

IFMUCAL - This subroutine calealates chargeteristic I -function values for a particular radial
value "= rfb.

FALZIP - This function sofves for i root of a given function using o combination of false posi-
tion and bisection technigues,

BESL1 - This function is used by KMUCAL to caleulate values of k%, for the equation

. , S ) _ iy
which defines the system of ditterential cquations.
d d r
‘0 u

-—-;I']"‘(kl'l'lﬂjl +Q nl““"“ Yl'l'l (k;;’]p) = {)

dr dr'lL

d d r

—_ 'a O v ' =0

Pinto k4 Q= [V (0 )
dy dr’l.

tor a hub-lip ratio not equal o 7Zero.

BESL2 - This function s used by KMUCAL to caleulate values k;“ for the equation which
defines the above system of differential equations for a hub-tip ratio equal 1o s¢r0.

RBESJ - This subroutine caleulates values of the Bessel function of the first kind.
BYESY - This subroutine calculates values of the Bessel function of the second kind.
Microphone Location Determination Section

The algorithm for determining microphone locations was discussed in Scction 3.1 and illus-
trated by a principle-clement diagram in Figure 3. Initially, statistical information is caleula-
ted for the geometric search range by determining the mean and standard deviations of the
axial, circumterential, and radial axis where microphones can be placed. The next suceessive
microphone location is determined by restricting all previounsly determined locations. This
location is obtained by generating live hundred locations il retaining only the values that
yicld the thirty krpest determinates of the equation system. If the tolerance of the thirty
vitlues associated with cach microphone coordinate is within the specific value, a suitable
microphone location is determined. Woen the tolerance is greater than the specitied value,
the search is reinstated tor at least Tifty times by adjosting (he staustical information to re-
strict the next search in the geometry associated with the Tngest determinates. The sub-
rontines and functions that are atilized in this algorithm are:

STOCH - This subroutine perlorms o stochastic search o determine microphone locations,
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INITIAL - Phis subroatine is used by STOCH to itialize the pecessary parameters for the
stochustic search,

STAT - This subrontine is usedd by STOCH to penerate the various statistics required lor the
stochastic search.

RANDOM - This subroutine is used by STOCH 1o generate the rindom values associated with
the microphone locations used inan evaluation,

STVAR - This subtoutine is used by RANDOM to provide random variables for either a nor-
mad or an exponential distribution.

RAND - This subroutine is used by STVAR to caleukite random numbers.

DETCAL - This function is used by STOCH to caleulate the determinant of the matrix cqua-
lion systen.

UPDATIE - This subroutine is used by STOCH to update the table of determinants with the
current value of the matrix determinant.

PRINTT - This subroutine is used by STOCH to print the results of the stochastic search.

CONVRG - This subroutine is used by STOCH to test for the convergence of the microphone
cootrdinates,

Conditioning Number Caleutation Section

The conditioning number (rel. 8) is determined as the functional elements iltustrate in Fig-
ure 4. Initially, the cigen vitlues of the equation system are calcututed and ordered numeric-
ally. In this way, the ratio of the maximum and minimum cigen vitlues can be computed.
The subroutines that caleubate the eigen values are listed below,

EIGCC, EBALAC, EHESSC, ELRINC, FLRIC, EBBCKC, UERTEST - These subroutines
caleulate the cigen values and cigen vectors of the equation system from which the condi-
tion number is calewlated. This package is the property of International Mathematical and
Statistical Libraries, Inc. of Houston, Texas.

Microphone Lacation Acceptance Section

In Section 3.1 was i discussion of the procedure for determining whether the selected micro-
phone locations inswre a numerically stable solution when usedd i the MPC, A principal cle-
ment disgrom is provided in Figere 5 toillustrate the aceeplanee procedare, The logic en-
Vosed by dashed lines represents the aceeplanee procedue. The interrelationships hetween
this procedure and other propran sechions is dlustrated by the logic lines extending owtside
ol the dashed lines. Initiallv, the conditioning number is compared to the seeeptance value.
I the conditioning number is aceeptable. the microphone location procedure is reinitiated ton
the next maode-microphone combimation. 11 the conditioning number i preater than the

10
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aveeptance value, the microphone location procedure is reinsGirted to sebeetan alternate lo-
cation ona probe. Additionally, the allowable limit for microphones per prolse ad number
of probes e cheched. Sinee this procedure is performed in the MAIN, there are no subrou-
tlines ar [unctions to list.

Qutpur Section

Uhe output fonmat and variables rom operating the M1 are discussed in Section 3.5.1, A
sample case is presented in Section 35,2 o jHusteate the exeeution of g case comprising
theee propagating modes. Both sections addeess the two possible modes of operition that are
executiable with this program. Results from the computational procedure are printed by (he
sitbroutine lsted below after all angles ire converted to within the range (7 1o 3607,

PRINT  This subroutine prints input and output values.

ANGPOS  This subroutine converts negative angles to positive angles in the range G to
300" for printing.

4 INPUT DESCRIPTION
340 Input Forma

e NAMETIST format is used to input data into the Microphone 1 ocation Program and
counsists of g list of paranwe ter mnmnes grouped under an identifving panme: £INDATA. The
parameter names correspond (o varialMes  single variables and matris elements used in
the program. These variables wre sel by specilying both the paramicter name and its value.

A featare of this type of input is that all assoctated parmmeters need not be specilicd. Any
parameter not specified in the ispul cetains its vatue itom the prececding case or the default
vithae i the input is for the lirst case.

NAMELISE input for cach case is identiticd by the characteris & INDATA in Columns 2-7
ol the first input cand. Bepinning in Column 9, parameters may be set using the formalt:

Parameter Name - Constant

e constant may be either a real or integer value and must be followed immediately by g
conmtii Parameter names. assigned values, or necessary commas mint nol extend bevord
Cotumn . Cand names or values cannot be coatinued onca sabsequent card, Pmbedded blanks
are ol permilted in either the parameter name or constant value, Parameter mnnes il
therassociated values may be specttied inany order. The characters &END signify the emd

of the input Tora partivalar case. [Uadditional cards are required | parameter names must

bepin in Coluian 2.

Acsamiple ol this Torm of input for locating theee microphones s presented in Fitare o,
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3.4.2  Input Parameters

A sign convention was adopted Tor assigning positive or negative values 1o the input parame-
ters. Any input parameter not addressed in this discussion is a positive value, The sign con-
vention is formulited with respect 1o a ceylindrical coordinate system that is consistent with
the derivation of the coherent acoustic wave propagation model. His unit vectors are designa-
ted by the directions: axial - x, circumferential - 0, and radial - 1,

A constant radius. annular duct is aligned with respect to this coordinate system so that the
positive axial unit vector projects in a direction opposite to the flow. Thus, the Mach number
of a uniform axial flow is always designated by a negative value, denoting the axial flow rate
in the negative axial direction, A positive circumferential unit vector projects in the direction
that the rotor spins with negative circumferential values related to the counterrotating rotor
direction. Finally. the radial axis projects perpendicular to the centerline of the duct; thus
radial values are always positive.

Each modv is characterized by three parameters which represent the circumferential and ra-
dial pressure distribution and its propagation direction. A specific mode is uniquely defined
by the parenthetical notation (M. p). The M defines a periodic circumferential pressure dis-
tribution with M number of lobes. Positive integers represent a corrotating M-circumferential
lobe pattern with respect to the rotor direction and negative M integers refer to counterrotat-
itg modes. The radial mode index g corresponds to the radial pressure distribution. These
values are always non-negative integer numbers. with high integer values indicating large pres-
sure variations with respect to the radius.

The modal propagation direction in an inlet or discharge duct can be cither an incident wave
propagating from the fan or a reflected wave propagating towards the fan. Wave propagation
in a moving medium is similarly affected by the flow rate for modes that are propagating
with or against the flow direction. Hence. the input variable IDIR designates wave propaga-
tion with respect to the flow direction. Positive values denote waves propagating in the op-
posite direction with respect to the flow, such as incident waves in the inlet duct and re-
flected waves in the discharge duct. Modes that propagate in the sume direction as the flow
are designated by a negative value for the input parameter IDIR.

The assigning of values to the input parameters will now be considered.

Since o determinative equation systent is required. the number of microphone locations to

be caleulated is equal to the number of modes indicated by the user. To initiate the selection

procedure, the input must define at teast one microphone location at a referenee point. In

order to reduce the experimental commitment by avoiding probe-mounted microphones,

the referenced location should be on the duct witlll. When option B is utilized. a nuniber of

fixed microphone coordinates  equal to the number wpecified by the input parameter ND
are required.
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A description of the input variables is provided in Tables I 11, and N1 Fable 1 General
Input Parameters; Table 11 Test Geometry and Condition Input Parameters: Table 111
Stochastic Scareh Input Parameters. Under the eolumn b qading “Variable Type™: the tetter
“R™ indicates that the number is real and contains a decimal point: the letter 1" indicates
the nuniber is an integer and does not have a decimal point. “Default Values™ are also deli-
neated and indicate the vatue of the parameter that is internally initialized prior to the pro-
gram execution. Parameters not specified in the input for the first case retain this value.
Although the default values are expressed in units of the English System, the computer pro-
gram can be executed with data in any consistent system of units.
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ORIGINAL; paGp 1o

OF BOOR QuALIry
TABLE L GENERAL INEBUT PARAMETEERS
Input Variable Default
Name Type Value Description
NLOC | 2 Number of microphones or modes, (Less
than or equal to filty).
H-AtD ! 0 Print indicator for characteristic 1-function
value.
0 = No Print
I = Prim
M(D) | 2 Circumicreniial mode index.
M(2) -2 {Input NLOC values)
M(5) 0
M(50) 0
MUS(1} 1 0 Radial mode index.
MUIS(2) [ (Input NLOC values)
MUS(3) 0
MUS(50} 0
IDIRCYY | l Mode propagation direction indicator.
iIDIR(D) 1 (Enput NLOC values)
HHR{3) 0
1 = opposite flow direction
-1 = with flow direction
IDIR(50) 0
17
k,




Inpurt
Name

HIR
OR
I-MX
FRQ
SPIEED
ND
MDD

M)
XM(D)

Nhsm
RM(1)

RM{2)
RM(3)

RM(5H
THM(D

THM D
THM(2)

THM(5)

Note: (i)

TABLE L PEST GEFOMETRY AND CONDITION INPUO T PARAMEITIRS

Variable
Type

R

R

[

R

R

Detanlt
Vatue

0138
50
na?

2100,

13500,

0.0
0.0
w.o

oo
5.0

iy
a0

(o
0.4

0y
WRY

(o

fal

Description

SR S
Hub-tip ratio

Outes pdius of duvt

Asiul Mach numiber Gilways positive)
Test frequency (Hetd)

Speed of sound

Number of initially fixed micraphone
locations (within tange ane 10 NLOG)

Axial voordiates of e fised microplione
locations.

(Input NIY valuesy

Radial coondinates of the fixed wiciophone
locations.

(hnput ND values)

Citeaterental comdinates of the nsed
mictophone locations. (degiees)
tInput ND values)

DeCanlt vabies shown i table ane in wnits of the Foglishe Systen Tlwe program, however, s
desipried 10 exectte with data in any conustent system of wmts

g il

b 4




Input
Name

i

NSRI
NVAL

IXPNT

CONDNO

NPROB

MPROB

XMIN

XMAX

TMIN

TMAX

DX

DELR

M-LT

FABLE 11

Variable
Type

R

R

R

STOCHASTIC SEARCHANPUT PARAMETIRS

{al
Default

Value

0

50

500

T

{00.

0.0

0.0

300.

1.0

1.1

11.5

Deseription

Print indicator Tor tible of determinants
and microphone courdinates.

0 = Noprim
I Print Final Search
2 Print every Search

H

Maximum number of searches,
Number of evaluations per scarch.

Exponent of convergenee tolerance.
{e.2., Tolerance = 1G1XPNT)

Value of the conditioning number for
microphone location acceplance.

Maximun number of probes in duct,

Maximum nunber of microphones per
probe,

Minimum axial location for microphene
placement,

Maximuin axial location for microphone
placement.

Minimum augular location for mivrophone
placemnent {degrees).

Maximum angular location for microphone
placement (dlegrees).

Minimum axial distance between micro-
phone locations,

Minimun radial distance between migro-
phone lucations.

Minimumm angular distanee between micp-
phone locanons, {degrees)

Note: ta) - Defanlt vatues shown in able are i units of the Foglish System. The praogeam, howeve, s
designed to execute with data in any coasisient systen of units.
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A8 OUTPUT DESCRIPTION
A0 Ouiput FFormat

The output from the Microphone ocation Program is organized into four sections: Stochastiv
Search Output, Input Varianles, Caleulated Microphone Locations, and Characteristic I-Fune-
tion. Al four sections are included as output when either option is requested by the input.
Fhe computer printout for g sample case is provided in Appendix C,

e Stochastic Search Output Section comprises the value of the input parameters that defines
the iteratise process. These parameters inelude the number of iterative evaluations, toleranee
for convergenee, and the number of microphone voondinates used to generate statistical in-
formation. The remainder ot this portion of the output includes caleulated values from the
stovhastic search process. These vatues are the statistical information that correspomds to

the search range Tor each microphone coordinate and the valoe of the determinant associatod
with the successive introduction of a mode-microphone combination in the equation system.,
The final vu.put value in this section is the conditioning number of the equation system char-
acterized by the microphone location associated with the largest value of the determinants.

A printindicator is avalable to the user for restricting the depth ol output in this section.
However, the final conditioning rumber of the equation system is always included in the
aulput,

Input Variable Section includes the value of various input parameters that were supplicd by
the user. The three indwes that define the modal structure, the circumterential and Fdial
order, and the wave direction indicator are listed, Under the Test Geometry and Conditions
input heading, there are vinous parmmeters that define the fan duct geometry and operating
conditions observed daring the experimental program. These parameters include the ducet
radius. duct hub-tip ratio, axial Mach number, and frequency. Additional stochastic seareh
vaites include the axial, radial, and circumterential search ranges that bound the locations
where microphones can be placed.

Me Caleulated Microphone Location Section includes the eylindrical coordinates of the
selected microphone tocations. One microphone will be located for each mode supplicd by
the user as inpud.,

e final section Characteristic F-Functions, includes the value of the F-functions |° {k,::pr}.
at the measurement and prediction locations corresponding to cach mode in the sequence
listed irt an above section. Phis section is a portion of the output if requested by the user at
inpul,

3.5.2 Sample Cases

Fwo separate cases itre presented in the sample printont to illustrate the aption o whaether
the microphone coordinates are calucated by maxemi ing the leterminant ol the coherent
wate cquation system ot whether they are speafied - sther arbitranly or as a set of existing
micraphone locations, These sample cases demopstrate the execution of cach option with
data listed in Feure 60 The length units in the printout are in centimeters: the tine units in
secoiuls,
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The Tust sample case dlustrates the option of determnmg mwesophone oty bar o st
fon o hiere Hiee modes e propagatang in habl metes dumeter annula duct. Microphones
A1 Chese Toeabions can be tsed to oh L deanste pressure eastiements, ata fegueney ol
o200 Herts, tor determining the amphitude and phase of the GO CE DL and cB Ty maodes,
Mictophione phacement amist be restoeted o withim the peometne constramnts ot fest
Lttty . Do this situaton the nuerophone cootdiates aie hounded withim a A0-cmasunl andd
J N0 depree cuenmterentul search tange. Output trom the Mcrophone 1 owation Propram
for this sample case comprises the stochastic search calcalations, the input paciaeters, and
the caleulited serophone locations.

The stochistic search procedute Tas converped (o mcrophone lovation when the vlange i
the deterntinant becomes s small as possible for smuall changes in nuctophone locations or
whent the mavimum number of searches Bus beea completed. In this case both microphone
loeations determined by the procedure comverged in two scarclies Ppon convergencee, the
thirty Licgest values of the determinant and the correspondime nuctophone caondinates tavial,
circumberential, and radialy are listed. Also, the conditioning number is listed tor the cobier-
ent-wine equation system deseribed By the comulative set of microphone locations, A con-
ditioning number of 2.8 was obtained for the three wall mounted nucrophiones, idivating
that the determimant of the equation system is well away from zero. Thuso these three foca-
tions ate aceeptabibe for cateulating the modal strueture by matriy inversion technigues.

A listing of the input variables followed this portion of the output. Phis isting includes test
peometny s condition patameters, stochaste search parametets, and mode group. The
ntermediate values associated with the mode sroup are also tabulated. Fhese values include
the anial wve nmber i anits of degrees-per-lenethe the elgen value, l‘“’m.;:' amd the value
ol the eigen vector l'(Ku“L “ﬂ it the mivrophone locations.

Ihe coordinates of the selected microphone focations me listed. These mcrophones were
placed on the duct wall corresponding toa radial cootdmates of X5 oomn The tiest location
was specilied at g reference location with zero enmeaniab amd cerodegrees vircumlerential co-
orditates. Two locations identificd By the program are placed at the same circumiceentis
Jovation as the fitst microphone,  The placement ot microphones for modes with the same
circumterential order is restricted to the same circomivrential coordinate because the mana-
mization of the determinant associated with the equation system is mdependent of this co-
erdinate. The asial Tocations of the 1w o selected nmicrophone tocations are 30 cnvand 15 em,

e second sample case illustrates the ophion of specity mg the miciophone focations. I
case wWas execitied with three flust-monnted wall microphones at the same circamterential
coordinate. The asial distance betseen cach nicrephone was spevilied (e be ten centimeters,
Plis case 1s simthar (o the (st cise Becaise He sae mode sroup, (requeney s and geomettic
conlipuration were tsed.

Output from the Mctophone §ocation Propram Tot this secod sample vase comprises the
condttioning number amd cien values oF the couatioen sy sfem dassoctited with the successpe
mtreduetion of cach muerophone location. A toal condihoming number of o was chtamed
for the three mictophone locations, mdicating that these Tocatons are also duceptabile Tot
deternmng the amphtude and pliases of the R0 c-b ol Vmode structure. The mput

|




vartables, merophone Lo

the presious e s
of nicfophione coordintes. [y condiy

AN e istg sel
al vy

subset o mieraphone locaions Trom
Jrteture determination.

e microphone locations can b comp

Slons, and charactenshie numbers
s option v be utilized tocateul

onmy number for pumerous ErOM PN

ared 1o allow the future vser o ubtiin i

an enisting set that is aceeptable Tor fan sottid pode

o MACHINE REQUIREMENTES

e Microphone Tocation Program van be

by tes af core slorage,

he following matieniical tunget

CMPLN
CARBRS
CENY
AMAG
RIFAL
FrLOAT
11X
ABS
1ABS
SORT
MANO
Al ke
SN
COs
ATAN
1'\P

compiled, linkage edited, amd executed in ANt

jons and provedures are requiited
I apresses Twu real iruments in comples torm
Modulus of a complex argument

ation of @ complex argument

I sponenti
ary part ot a comples artiment

Ob i imagin
Obiain real part of @ complex argument
Conversion from integer 1o real
Conversion from real o integer

Absolute value of a real pnumber
Absolute value of aninteger

Square root ol a real value

Obtain masimun value of input integers
Natural leganthim ot a real positive argument
Siae of a real argument

Cosine ol a real argument

Are tangent of a real argument

I yponentiation ol a real arpument

3.7 RESOURCE ESTIM ATES

The tinwe requite
numbier of modes

average vstimate ol P
CPU time per mode is sixty secotds.

average

Jd for the Central Progessor Uit (P
aid the cotplesity of the mosde group.

L Lo provess & job depends on the

U time per made is five sevonds. 1

of internal caleulations is not requested.

At Disted i o similar manner s
ate s comditioning nuiher for

For simple maode structures the
“or vonpley mode structices the
fotal CPU time can be reduced il the printing
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APPENDIX A
Calculation of the Characteristic Numbers

i
The characteristic numbers KI“’l and Qﬁm are defined to be the paired roots of the simultaneous
equations #

!
d ' g ' + ' -d—-Y ,U ; , = 0
[(F" Iy (Kmaur) Qmp i m(hmp My =1 (1)
d ‘s o d 'a
- K ! + — ! ' =0
[dr'_._J"J .(a my r Qmp dr’ Y (o Km,u My = (2)

l‘or a given circumferential mode number, m, radial order, u, and hub/tip ratio, o, (where
0 is not equal to zero); J,, and Y, are the Bessel functions of the first and second kinds of
order i,

The following relations are used in the formulation of a solution

d ' dx

57 Im W= Iy 02+ )
d ! dx

ar' Yo=Y, (x) i (4)

2m
Ymap (%) =T"m (x) -y (%) (5)
v
T )= (%) J 4 (X)] (6)

2
| 2m
—-E[Jm_l (x) - —x—' Jm (x)+Jm,l {x)]

m

= &) = Iy &)

PRICEDING PAGE BLANK NOT FILMED
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1 Y Y (x)
; : ! m
Y& e 5 -
m m
M m Y, (x) '
R et LTIV T .0 TR TR e L iy (7
i#x (6 el x mN] 1, (%)

- 3 . (, ‘} -
Fetting K- K and Q= QL and evaluating at ' = (D) andd (2) become

my my
J:" (KIK+Q Y] (K)K=0 (R)
Jiy W0 KYaK +Q Yy, (WK oK =0 (N
) m (K1 K
From(8), Q = = —————  substituting into (9) vickls i
Q 7 UL substituting into (9) yiclds 4

'Ill (K) K

JowKiok e Y’ (K)o K = () (tm
1§} \l" (K)K m
Let 1K) = ) K) Y K)o K2 00 (K) Y, (oK) oK = 0 (11

Using the expressions in (5), (6, (7). and (11) then:

AR Ry el (R I, (05—

- L3 L. ) 2 m \m(l\)
t(l\.): [4) l\ IJI“" ({’ l\) n{ ..'"] (Ul\)l 1—1:-—'-—- l.l ](I\) (l\)l -

9

I m m (v K)
1 k=[] K) (K + 1) ) — _._‘.“_. SN
( [ y-1 ¢ v iy (K {N K Jm T -1 0 K Y Iy Lo K TR (!

m

m
) in . 2N (K) o= i)
K)o K.’.z 2 M- (oK)- = J o K Wiy k I (K1 n
Tt h ‘lnl (k) fo kN .lm (v K)
om m Y. (K) Y o (oK)
1 (ky- -3 (k)] ) toky — ) . "' 11 I ) 3
M- N M H me oK w (0 K I\) Iyt K) (-

Yo



Fquation (1D s evatuated Tor values of K, M RTTEN BT T PR RV} 141 I'(l\'il “Ki 1.0
for some 1. A procedure employimg a combination of False position and bisection trehnugues

r ~ ~
is then used 1o obtain g vilue ol K 9 i the interval Il~;i I Kil

mp
] 1]
Waving caleubated a value of K I\'i‘i'w. The vorresponding value of Q1) can be cateulated.
nipt
Combuing (3 and (D vields,
!_l:" (k)i .11“ wkiv | K1 Q I\';H(I\') i \"m okl Kk 0O (-H
fromn which
r ]
0 JwtKr i, wkia (13
o b g -1 .
\ m(l\\ 1y m (ok)o
. 0 _l’u - o .
lF'oroe - 0O, Qlll].l Uand Kk 0 s Jefimed to be the root ol
mp
T TR 0 Lo)
— { r 0 (Lo
Jr T T ol

L}
Petting K K9 Cand evaluating at ¢ L 10) becomes

i

0K 1, (KK 0 then od yiekds (n
. m

k) lJ“l__lIK] ‘I: .lmu\'n N 8] (Eh))
tquation (18) is evaluated for values of lli motdED L A ot (I.lh\'i) l'(Ei -0

for some value of . A procedure employiug a combination ol false posttion ithd hisection

. -
techniques s then used o oblain g value of K¢ in the interval (I\'i T I\'i!.
my
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APPENDIX B
MICROPHONE LOCATION PROGRAM

PROGRAM LISTING

“nTCFDING PAGE BLANK NOT FILMED
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OF pg GE Is
OR
ATy
PRATT £ WHITNEY AIRCRAFY DIVISION VER 0725717
SCaPANLIB.LA 9.0 12.5%0.00
++WRITE PKINT,T89490]
C DATA SET T89901 AT LEVEL O1l1 AS OF 06716777
C DATA SLT 789901 AT LEVEL (08 AS OF Q4708777 0028;
C 1] 7]
C TH1S PRULRAH CALCULATES THE *BESTY PLACEMENT FOR MICROPHONES IN A DUCTOOCO003
C 00004
DIMENSIUON AM{2003, IND(10O), WORKI5100)} e EIGVALLSO)y EIGVECI%0950) 500005
1 EQ{50450)y AMPL{40)y FPHALE50) Q0006
t XTERNAL DETVCAL Q0007
CUMRUN Z7MATRXZ NUIMl, DNty 26ROy DETy MATRIXI50,50) 00008
CEMALN ZPRUBLSZ IWALL, ISAMEs NPROUBE, MNPROB 00009
COMMON ZCHLETINT/ NAIKESs NMODES, STGLMAs By MXy FREQ, Ay OMEGA 00010
CUMMUN FERUNS EMULS0,450) y JEMPRY 00011
CLsMLN AR/ KM S0 OMU(S0) 0oole
CLEMIN ZhLLESZ MU (S0)y MULS0), IWAVEL(SD) 0co13
COMEON /WAVLHDYZ KX (50} 00014
COMALH /HMIKELZ NLIMy X{503, RIS0), THETALSO) 00015
Ll uN /50 AKCH/ NVAR,y TPRNTy NSRCHs NLVAL g TEXPNY,; NTABLE,; NSTAT 0O0OO0lo
Ciratdl ZBLLASLY  DUMLI(S)e PI 00017
COMMLN ZLUUNLS/ XBLUNLIZ2 45U) RBUUND t2,50)s TBOUND(2,50)y XAy XBy 00018
1 THINIHy, THMAXy XLIM, RLI1M; THLIN 00019
COMMUN ZLONDTN/ GUODLN 06020
COUHMUN ZANGLLSZ LEGKAL S HAUDEG 06021
REAL KU, RX . oud2e
CUMPLEX UNbe ZEKUy DETy MATREX s FACTRy OIVSRe EXPNT, KX, EIGYAL, 00023
1 E1GVEC,y LQ 00024
(4 00LZ2Ss
C INPUT CASE VAHLIABLES 00026
C 60027
20 CALL IHPUTE{ TEND } 00028
IF{ 1END 6T O ) GO TU 9999 00069
. , 00030
C CALCULATE CHARACTERISTIC NUMBERS KMU AND QMU FOR EACH SE¥ OF 00031
€ CIRLUMFERENTIAL MUDE NUMBLR AND RAUDIAL ORDER 00032
C Qoui3a
CALL KGUAL 00034
. 0003%
C CALCULATE AXIAL WAVE NUMBER o034
c 00037
FLLW = UMEGLA 7 A 00034
AMACH = 1. = KX ® MX 00639
LU a0 T=14NMULLS 00040
RADICL = FLOUW #% 2 = AMACH ® { KMUILl) / B } o 2 U0l
1r{ RALLICL ) 2% 30, 30 00042
2% KXtl) = CHPLRI ~MX ® FLOW /7 AMACH, IWAVELI) & — (0043
1 SUHT L ABSE RADICL ) ) 7 AMACH § TITY Y
GO TO 40 Q0U4Y
30 rXU1) & (HPLXE & —MX & FLOW ¢ IWAVE(L) & SORTIL RADICL )} } /00046
1 AMALH, 0,0 1) uua?
40 CUNTINUE Q0UAH
C 00049 4
C Ot TLRHINL MILRUPHUNE LUCATION COMPUNENTSs Xy Ry AND THETA, USING A 00050
G STUCHASTIC SEARCH TLUMNIQUE 0uus)

i

PRECENING PAGE BLANK NOT FILMED
) N




PPATY & WHITNEY AIRCRAFY DIVISION : VER

SC.PANLID.LA 9,0
120 1HWALL = 0
IPRUBL = 0
HPROBE = 0

C
C SE1 UP FIRST ROW OF MATRIX AND INITIAL DEVERMINANT VALUE
c
C CALCULATE CHAMACTERISTIC E-FUNCTION VALUES ASSOCIATED WITH R
c
RPRIME = Rtl) / B
CALL EMUCALY KPKIME, EMULL 42}y NMODES }
00 140 J=)1,NMODES

EXPHI £ CMPLX{ 0.0y REAL( KXtJ) } ® Kil) + NODEIJ) *
1 THETA(L) )
MATRIX{1sd) = EHU{J,1} ® CEXP( EXPNT ) & EXP( —AIMAGI KX{J) }
i X{1) )
EUt)ed) = MATHENI14J)
140 CUNTLHUE
(19| = MATRIX{1,1})
C
€ SET UP AHRAYS FOR STGCHASTIC SEtARCH
c
INDLL) = NVAR
INUE2Y = NSKLH
INULAY = NEVAL
INiTt &) = NIAOLE
1ML S) = NSTAT
INUt6) =0
1INGETD = 0
TN B) = FEXPNT
1HLI Y = JPRNT
NG L0 = 1
AVG A .9 % | XB - XA } '
C
MKSTRY = NUIM + 1
DO 440 JJ=sHKSTRT,NMIKES
'

HKIT ELH 9000}

07/25/71
12.50.00

Q0052
00053
000L4
000u5%
000%s
00057
wubsa
00059
00060
[eTVIVT. §
Vo6
00063
CGO0bL4
00GeS
00066
00067
LVITL )
60069
00070
0ooT1l
0602
[HIH )
U T4
00075
adeTe
000ty
o007
QuuTY
ouobo
ouoon]
0ooB 2
000863
0006 4%L)
0008y
Q0L &
ooon?
udoHB
ooun9

9000 FURMAY (LHL, T44, "s¢+ MEICKOPHONE LOCATION COMPUTER PROGRAM 988300090

1)
10 JJ JLts NMIKES ) GO 10 147

c
€ ALL MICROPHONE LUCAVIONS HAVE BELEN INPUT, CALCULATE CONDITION NUMBER

C
DU 430 JIJ=1,NHIKES
J = JJdJ
60O 70 175
147 J = JJ
1E{ IPRNT .GF. O ) WRITE(6,9001) 3

00691
uoue2
00043
00U 4
00095
Loy
000Y7
GoLYH
00099
ooluo

9001 FORMATE /7y 1Xs *.se STOCHASTIC SEARCH UUTHFUT FOR MICROPHONE *4 12)00101

<
C 1F MUUL NUMBERS CHANGEs RESET 1SAME INDILATUR AND ATTEMPT TO PLACE

C MIKE UN DUTT WALL

L

volo2
00103
00104
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PRATT & WHITNEY AIRCRAFY DIVISION VER oT/25/,77
SC.PANLIbLLA 9.0 12,50 .00
C 00105
1l ISAME +EU0. 0 ) G0 TO 150 00106
1Ft HOLE(J) +EQe MUDE(L) ) GO 1O 150 00107
ISAME e Q 00108
INALL =0 wol0Yy
150 hUIMl £ g -1 00110
KOIM = g oulll
15% AAfL) = XA Ghil2
1F{ IWALL Nt O ) AAIL) = XA # AVG 00113*]11
AALZ) = THMIN GOll4
FEL SICMA ) 160y 160, 165 0o115
160 AAL3) = L1 GGlls
GD 10 170 aoll?
165 AAL) = 8 * SIGHA @olls
17G AALA) = R oolle
AAly) = THMAX Goulzu
AALS ) =B 00121
C goL22
C SEF UP LUUND ARRAYS uol23
C Golze
Xbluhbiled} = aAll) wulezs
XLutib{2e9) = AA(4) - Gol26
TBLUHDEL ) = AAT2) Quizyr
TLOUENTZ4d) = AALS) Qo124
REOUWOD {1440 = AAL3) ) ooL2Y
RLLUNOLZ9a) & AALL) ¢O330
CALL STULHL DFILALy IND, AA ) a0lal
C GLI32
C 5T UP MICROPHUNE LUCATION COMPONENT ARRAYS 00133
c 00134
X(J) = AA§1) . 00135
THELALJ) = AA(2) auile
kiJd} = AA{3) ¥ 00137
c oGlas
C SET UP RUW J UF HATRIX USING THE VALUES UF X, THETA, AND R Gulsy
C 00140
C CALCULATE CHARACTERLIESTEC E~FUNCTION VALUES ASSOCIATED WITH R 00k4l
c Quls?
175 KPRLME s RIJ) 7 B 00143
CALL EMUCALT KPREMEy EMUILoJ)y NHODES ) 00 44
LU 180 15} ,NHODES 00145
ERFNT & CHPLXL 0.0y REALL KRX(I) ) & XE2) ¢ MODECDI) & 00146
1 THFETALJIY } 00147
HATREXtJ 1) = EMULTRJ) & CEXPC EXPHT ) ® EXPE -AIMAGL KX(1) } & 001l4b
1 Aldr ) 0Ola9
LGlJI,I) = MATKIXIJ 1) OGls0
180 CLNTINUL 0Oi5s1
IHL J «GTo NMIKRLS ) O 19 230 0olse
c 001%3
C TRIAMGULARLIZE BHL J . J MAIRIK U0l54
t 001%%
FALTR = UME 60146

Lo 220 I=1,NDIM1 00157

-




PRATT & wWHITHNFY ALRCRAFTY DIVISION YER U1/25/771 FAGE SERIAL
SC.PANL b, LG 9.0 1Z2.50.00 5  elos7e
FACTR 3 - | MAIRIX(J,1) = CONJG ¢ RATRIX(I, 1) ) 7/, 00154
1 CABST MATRIX{I,1) ) »¢ 2 ) * FACTR 00159
DIVSR = = MATRIX{L,y1) » CONJGE MATRIX(d,1) ) 7 11¢] ¥40)
1 CABS( MATRIX(J,1) ) *+ 2 00161
MATRIX(Jy1) = ZLRO 00ke2
15TRTY 21 « ) aola3
bo 200 K=ISTRY ,NMUDE S 00164
MATRIX MWK} = MATRIXEI.K) + DIVSR » MATKIX 1Dk} Q0l6%
200 LOMT INUL : 0166
220 CONTINUL 00167y
c 0068
C (1113 ¥.3
C CALCULATE CONDITIUN NUMBER of THE MATRIX a0x T
C 0017l
230 MIKEND = J aorr2 :
CALL EIGLCH tq, MIKENO, S0, 2, EIGVAL, ElGVEC, 50y WORK, IERR } 00173 !
c 00174
EIGHIN 2 CABSt EIGVAL(Y) } 0017s
tIGMAX = EIGMIN 00176
bo 300 1=2MIKENGD Qo177
EIGEN = CABS( EIGVALIT} ) 00178
bt LIGEN - EIGMIN } 2404 260, 260 coLr79
250 EIGHIN = EIGEN 00180
GO T. 300 00la1l
260 IF{ EIGEN - tIGHAX ) dvoy 360, 780 00182
2890 EIGHAX = EIGEN 00183
300 Cong INuR 00194
C . 00LES
CONUNQ = EIGMAX / EIGMIN 001846
C 00187
C CALCULATE ANPLITUDE AND PHASE OF LIGENVALUES. PRINT RESULTANT VALUES o188
c 00l1a9
DO 310 L=1.MIkENO 00190
AMPL (L) = CABS{ EIGVAL(L) } 00191
PHASE(L ) = ATANG AlMAGY EIGYALIL)Y ) / ReAL( EIGVALIL) ) ) 00192
1 * RADDEG 00t93
310 LONTINUL 00194
WRITE 64,9002} 4, CONDND 00195
9002 FURMATL /, Xy "aus MICROPHENL o 124 v .., /7y TS5, SCONDITION NOOlve
JUMBER = Fl0.4, T4, *MODE Y, 759, ‘EIGENVALYLESS, o, 152, 0oLY7T
2'AMPLIVUDL PHASEYy 7 ) 00198
DO 315 1L=1,MIKEND 00199
WR1TU{6,9003) |, AMPLALE)y PHASE(L) cozno
003 FURMATL 44X, 12 5x, FlG.4y 5X, F10.4 3 G020}
31% CONYINUE 00202
IFe 39 .61, NMIKES } G 70 430 00203
C 00204
C IF CONDITIUN NUMBER s ‘GUDLYy CONTINGLE. OTHERM|SE PLT MIKE N PROBE  vO205%
C 00206
IF{ CONDNU - Guopel } 360, 360, 320 002u?
320 It WALL LT, o) L0 7O 3sg w020

00209
MIKE 15 LITMLR ON HALL OR NOT THL FIRST MIKE UN A PROBE. IN ANY EYENT, 0020

™o
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VL EINAL PPAGE L
O o0 QUALLTY]

PRATT & WHITNLY AIRCRAFY DIVISION VER 0r/2%/77
SC.PANLIB,. L .0 12,50.00
C TRY AND PUY MIKE ON ANOTHER PROSE 00211
C 00222
1PROBE &= 1 + IPRORE 00213
IFt IPROBE .LE. NPROBL ) GD YO 349 00214
4 00215
C ERKUR — 11t NUMBLR O PROBES EXCEEDS THE MAXIMUM ALLOWABLE 00210
C ouz17
330 WklVYE{6,1000) 00218
1600 tURKATL /7, 1X, *sss%%  THEL NUMBER OF PROBES REQUIRED EXCEEDS THE 00219
IMARIMUM FLRNMLTTED. EXECUTION WILL BE TERMINATED weesms ] 00220
GU TO 9999 GG221l
240 MPROLEL L | O0cse
1WALL B =] 00223
60 TO 155 00224
¢ 0022%
C RESULTS ACLEPTABLE. IF ON WALL , CONTINUE. IF ON PROBE, READJUST PROBE 00226
C  INFLRHATLIUN 00227
C 002zH
360 1HL IWALL JEQ. O ) GO T0 420 Gu229
MERkUBL = I + MPROAE wo2130
1Fl MIRUBE LGV, MNPROB ) GO 10 380 00231
IWALL s 1 0023z
GU 10 420 0u233
389 1PROBE = | + IPRIBE , 00234
1F{ IPRUBE .GTa NPROBE ) 0 10 330 0ozi%
1nALL LIRS | Q0236
MiFRUBE = G237
c 00234
C CALCULATE THE ULETERMINANT OF THL 4 X J MATRIN-—— QU239
c 00240
420 DET & MATRIXUJyJ) * FACTR % DLT a024al
Gl TC 440 Qo242
430 CONTINUE ' 00243
440 LONTINUE CTIFL TS
c 00245
C PRINY RESULTS 00246
C 00247
CALL PRINY 00248
C Qu249
C RELYCLE HUR NEXT CASE 00250
c 00251
60 Y0 20 00252
9999 STOP 00253
END Gu2se
SUBKUOUTINE ANGPOS{ ANGLEe NUMBER } 0025%
C QU256
C THIS SUBROUTINEL CONVERTS NEGATIVE ANGLES TO CORRESPONDING POSITIVE 005 ¢
C ANGLLES 00258
< 0025¢
DIMENSION ANGLE( L) 0oLy
UDATA DLUKEE /7 360.0 7 00261
c 00262

DO 80 123 NUMBER

00263




PRATY & NHITNLY AIRCRA+T DIVISION YER 0T/725/17
SLPANLIB. LA 9.0 12.%0.00
IFL ANGLEGDL)Y ) 20, G0, BdO 00264
20 DO 4L J=1410 onzes
DLELTA & J ® DEGRLE Q0266
1HE ANGLLELT) + DLLTA ) 40, 60, &0 06267
40 CUNTINUE 00268
60 ANGEEEL) = DELTA ¢ ANGLEL]) 0026%
A0 LUND INUL 00270
[ 00zl
99349 RETUKN 00212
t ND 00473
FULNLJIUN BESLLIE X )} 06214
C 0o21s
C TH1S FUNLTIUN CALCULATES VALUES OF THE EQUATION DEFINING THE SYSTEMW Of0ullb
C DIFFLKEMTYAL EQUATIUNS FOR A NON-ZLRU HWB/TIP RATIO QoY
C oQ2in
CUMMIN ZBESSLS 1SIGNy JSIGNy DELKMU, TOL, Me P ab2iy
LUMMLIY ZLNSTINTZ DUMYIE2)y STIGHAS DUMZIS) QU2uu
[ ob2ul
X1 = X & S5IGMA 002h?
CALL BLESJI Xky M—JSIGNg LMJHLy T0Le IERY ) 00263
CALL BLSJIL X1y M 4 LMJIX1,; TOLy JERZ 1} Q284
CALL BESJU Xo My EMJy Tiiky 1LEH3 ) 00265
CALL BESJE Xg M—JSIGNy LMJIPLle TOLy 1ERA ) 002hb
CALL BESY( Xe My EAYX, 1LRS ) ooz
CALL bLLSYS X1y Ms LMYX1e 1LRS ) 020
C 00209
EMIM] = JSIGN # ISIGN ® EMJM] 00290
iMaxl = [ISIGN * EMJXL [TV D
EMJ = IS = t My GO2Y2
tHarl & JSsiuN ¢ )IS516N & EMJPL 00293
LMYX = 181N % LMYX V0294
EMYX ] = JS5IGN = FHYXL 0029h
[ oL29s
Al = EMJHL ~ ( M % JSIGN /7 X1 } @ ERJIX) PL N
A2 = fMJPL - & M * JSIGN /7 X ) * EMJS 00294
A3 = 2. ¢ AL /7 L P] & X ¥ EMJ ) uozuee
Ak = 2, ® AZ /7 L PL ¥ X} ® ENJX1 ) 00300
AD = AL % A2 % | EHYX / EMJ - EMYX1 /7 EMJIXL 1} goiol
[ % 003u2
BESLL 2 X1 % X % ( A3 ~ A4 + A5 ) 00303
REVURN VR IFEY
LD 00305
FUNCTION bESLZE X ) (ITRTATY
C [IE1VE)
C THIS FUNLTION CALCULATLES VALULS OF THL EQUATION DEFINENG THE SYSTEM 0OFGOULGH
C DIFFERENTIAL LNUATIUNS FOR A HUBZ11P RATIO DF Z2ERD [IIVEY L)
C (VTERTE:
LUMMUN ZBL 5SL/ 1S55GN, JSEGNy ODELRMUs YOL, He Pl (03100
COUMMON ZUCNSTNTZ UUMLE2Ys SIGMA, DUMZID) uoile
G [TI{ER
CALL BESJE Xg M~JSIGN, LMJML, TULy TER] } OUile
CALL BESJL Xo My EMJe TULs ILRZ ) 0031%
[ 9 [P IAR Y.
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PRATT L WHITNEY AJRCRAFT DIVISION VER
S5C.PANLIB.LA 9.0
LMJH]Y = JSIGN ® ISIGN * EMJML
EMJ = ISIGN & EMJ
BELL2 X ¥ EMIML ~ M & JSICN * EMJ
RETURN
Lt ND

[aBakaXal ol

[lnX ol ol

Nl o

[gN oK a X o} [aE kol ol ol

L3N aBul

SUBROUTINE BESJSL Xy Ny BJdy Dy IER )

01725777
12,50.00

00317
00318
00319
00320
00321
00a22
00323

TH1S SUBROUTINE (ALCULATES THE J BESSEL FUNCTION FOR A GIVEN ARGUMENT 00324

Xe ANU UKDEH No THIS SUBROUTLNE WAS_TAKEN FROM THE 18M SCIENTIFIC

SUBRUUT INE PACFAGE
bBJ = D.0
1HO R «GE. O ) G0 10 20
ERROR = NEGAT1vE ORDER. SET ERROR INDICATOR TO 1 AND RETURM
TER =1
GO TO 9999
20 1FL X ) 40y 30, &0
30 IFU N +G%s O ) GO 10 40
;] = 1.0
GO 7O 9999

00325
00326
00327
003z8
00329
00330
00331}
00332
00333
06334
0033%
00336
G0333
00338
00339

ERROR ~ ARGUMENT ZERO OF NEGATIVE. SET ERROR INDICATOR YO 2 AND RETURNOG34U

40 JTER = 2
GO TO 9999

CALCULATE MAXIMUM ORDER NUHBER THAT CAN 8f PROCESSED FOR X.

TF X albke 15, N HUST BE LESS THAN 20 ¢ LOSX - X»#{2/3)
IF X oGTe 15y N MUST BE LESS THAN 90 + X/2
60 IFL X = 1%. ) 80, 80, 100 '
80 NIEST & 200 + 10, % X - X %2 2 /7 3, -
GO TO 120
100 NTEST = Y0. + A /7 2.
120 TFE N JLT. NYEST ) GO 10 140

ERHOR — QRDER RANGE COMPARED TO X 15 NDYT CORRECY. SEY ERRDR INDICATOR

TU 4 AND RETURN.
1ER & &
GO TO 9999
140 1ER = 0
3] =N+
BPREY = (.0
COMPUTE STARYING VALUE OF M
L X ~ 5. ) 160, 180, 180
L60 MA = X + b,
GO ¥o 200
180 MA b ¢ X ¢ 607X

00341
00342
00343
00344
00345
00346
00347
060349
00349
00350
00341
00352
003%3
00354
00355
00356
00357
Q03%8
0035%
Q0360
00361
Q0362
00463
00364
QU3ss
00364
00367
[T N |
00369




ORIGINAT; PAGE I8

OF POOR QUALITY,
PRATT L WHYTNEY ALRCRAFT DIVISION VER /25277
SCaPANLIB LS 9.0 12 ..5%0,00
200 MB EN®IFIXU K Y / & +2 00370
HILRO = MAXO{ MA, HB ) 00371
C 00372
€ SL1 UPFLR LIMIT OF M YA
C W03T4H
MHAX u NTESTY 003ty
220 LU 320 HeM2ERD sHMAX .3 w03 re
L NERAS
C SET FUM)y FIM-1) uuse
¢ 00379
FMl L PR 00380
M = 0,0 00301
ALPIA = 0.0 06342
3] = 00363
1 E M/ 2 ) % 2 JEUe M) J1 = =] 00384
¥ "M~ 2 TEY:EY
hO 28D K 1,M2 UGcains
MK = M - K 00367
HMK 2 2. % FLUAT{ MK ) » FM1 /7 X - FM 00368
FH = FH1 C03bYy
[ 1) £ BHK 00390
IFC M - N - 1) 260, 2404 260 003YL
240 G4 = BMK GL3y2
260 J% = ~J7 GUIY3
5 2 1+ JT 00394
AL PHA = ALFHA + BMK ¢ § 00395
280 LONTINUE 00396
c RN
MK = 2. % FH1 / X - FH [IEL I
1t N .kQa O ) Bd = BMK VLYY
ALPHA s ALPHA + BMK GO400
by = bd / ALPHA UG4G1
THt ABSE B3 - BPREV ) - ABSE D & 83 ) ) 9999, 9999, 300 00402
3uU BFHEV = BJ G403
320 LLHT LNUE 00404
c 0040%
C ERRGR ~ REGQUIRED TULLRANCE NOT UBTAINED. SEY ERROR INDICATOR TD 3 AND 00406
C  RIIUHK 00407
L 00408
1LR = 3 0040y
YUYy KETURN 00410
LD 00411
SUBKUUTINE BYSYL Xs Ny BY, IER } a4l
c U041 3
C TH1S SUBRUUTINE CALCULATES THE Y BESSEL FUNLYIUN FOR A GIVEN ARGUMENT 00414
C Xy AHD LHDEK No THIS SUBROUTINE WAS TAKEN EFROM THE EBM SCIENTVIFIC 004Lh
C  SUBRUUTINI. PACKAGE , 00sle
C GOqL T
1Lk - 0 00418
1IFI N .GE. O )} GU TO 20 0u4ty
L L0420
C ERHUR - NeGATIVE URDER. S5ET ERRDN INDICATOR TU 1 AND RETURN 00621
c 00422




ey, AT
ORICIRAY L
OF POV 9
PRATY L WHITNEY AJRCRAFT DIVISION VER 0T/725277
SCPANLIB.LA 9.0 12 ,50.00
1ER —] 0c423
6D TO 999% 00424
20 IFL X ) 40, 40, 60 Q0425
L 00426
C LRRUR ~ ARGUMENY ZERO (R NEGATIVE. SET ERROR INDICAYOR YO 2 AND RETURNQOA2T
C 00428
&0 IER x 2 004z 9 .
GO T0 9999 QCA30
L [T Y
C BRANCH 1F X IS LESS THAN OR EQUAL T 4. 00432
C 00433
40 1F0 X = 4, ) 100, 100 B8O 00434
C QO&ab
C CALCULATE Y0 AND Y1 +0KR X GREAYER THAN 4. OGn 36
[ 9 00437
80 11 = hoe /X 00434
12 = Tl ¢ T1 0043%
Pu e (1t ¢t -.0000037043 * T2 ¢ 0000173565 ) % T2 - 00440
1 0000487613 )} & T2 ¢ ,00017343 ) * T2 = 001753062 00441
2 ) ¢ T2 + 3969423 00442
Qo = { (1 ( 0000032312 ® T2 - 0000142078 ) * T2 « 004%3
1 LOD00342468 ) % ¥2 ~ 0000859791 ) * T2 + V044 s
2 JDULSLLI2G ) * T2 ~ UL246694 0044%
Pl 2 Lt 1 | +CUUUUA24LA & T2 - JLUOC20092 ) & 12 &, 00446
1 LUUUULBOTHY ) % 12 ~ 000223203 ) * 12 + 00447
2 JUUZYZ1H26 ) ® V2 + 39069422 00450
4l E [ (| | ~.0000036594 * T2 ¢ 00001822 ) & T2 - QUARY
1 LUOUOSYHTOE | T2 ¢ J00010b4T4) ) * 32 - 00450
2 JOU0639C ) * 12 + 03140084 00441
A &= 2. /7 SUKY{ X} Qlabe
B = A * 1] 0053
C B X = JTB54902 DO%5&
Yo £ A% PU ® SINL L ) + B * QU & CO5tL L} 00455
Yl a2 =A ® Pl & CUSL C ) » b *gl * SINEUC} 00456
G TO 160 QUAST
c 00a5Y
C CALLULATE YD AND ¥1 FUK X LESS THAN OR EQUAL 10 & 00459
" QO4ab0
100 XX = .5 % X 0O4at1
X2 = XX & XX 00402
1 = ALDGE XX ) ¢ 5TT2157 00443
SUH a2 0!0 ()Dhbﬁ
TERM = ¥ 00ubY
A {] = ¥ 00460
DU 120 Lalgld . 00467
1Hl L oNEa 1} SUN = L, /7 FLOATE L-~1) + SUNM Ousbi
L = L (YN
is = § - SUM Q0470
T1ERM  { =X " TERM 7 ( FL #% 2 } ) & § 1o = 1a 7 {1 FL & 00411
1 15 1) LUaT2 i
YO 2 TEHM ¢ YO 00413
120 CONTINUE 0014
TEHRM e XX s Y = .5 ) 00GuT4




PHATT € WHITNEY AIRCRAFT OIVISION

SCaPANLILGE 4

VER
Y. 0

SUM “ 0.0
Yl = JERM
DO 140 L2418
SUM = 1. / FLOAT{ L-1 ) ¢ SUM
kL = L
Fii & FL - lo
TS = 1 - SUK
TERM ¥U=X2 ¢ TERM 7/ ( FL ® FLY b ) 8 { { YS ~ .5 7 FL )
1 LTS + .% 7 FLL ) )
Yi = TERH ¢ Y1
140 CUNT INUE
PL2 = ,6366198
Y P12 » YO
Yl = P12 ¢ { Y1l -1,/ X )
C
€ LHECK 1F ONLY YO OR Y1 IS DESIRED
C
160 TEU N «GY¥e 1 ) GD 70 180
[
C RETURN YO OR Y1 AS REQUIRED
[
ayY = Y0
IFt N oEQ. 1 ) BY = Y1
GO TO 9999 )
‘
C PLRFURM RECURRENCE UPERATIONS TO FIND YN(X)
C
18O YA = Y0
Yo = Yl
K = 1
200 1 = FLUOATU 2#K ) 7 X
Y =T % Y3 - yA
LF( ABSE YO ) =~ 1.0E70 } 240, 240, 220 t
c .
C ERROR ~ BY HAS EXCLEDED MAGNITUDE OF 100%70. SET ERROR INDICATOR TO 3
€  AND RETURN
C
220 1lER = 3
GO TO 9999
240 K 21 + K
IFt K JEQ. N ) GD 10 240
YA = YB
Yo = vC
G0 10 200
260 by = ¥C
Y999 Kt TURN
[ 3718
BLUCK DATA

H

E T

CUMMUN ZOFAULT/Z NI OC, HYR, DRy EMX, FRQ, Hi50)s MUS(50), IDIR(SO)
CUNDRO, ILMU, XMIN, XMAX, DELXy DLLTH,

DELRy NDy XM(50), RMISO0), THHIS%O0), XPT, NSRH,
NVAL, IXBNT, NPROB, HPRUB, NTABs NSTs SPEED, TMIN

THAX

‘r

ors2L/17
12.50,00

00476
004777
00479
00aly
Q04b0
GUabl
00an2
[Ty )
00sb4
004HS
00406
00aB Y
0L4BH
00«8y
0Ca 94U
Q04Y}
00492
UO4y3
00494
00495
Q0496
00497
Q04498
00499
00500
adso1l
00502
00503
[ATVLYVEY
ous05
0Us06
aQs07
00508
G04%09
ousto
00511
ons12
00513
00514
00518
uoHl16
00517
Gostl
00519
Ouszo
00521
Vose 2
00423
yU0H 2 4
[ LYRN
00520
MLVLY
00%¢%
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" POOR, QAL prad

PRATT £ WHITNEY AIRCRAFTY DIVISION YER 017257717
SCoPANLIB . LA 9.0 12.50.00
c 00529
C GEOMLYRY AND_TLST CONDITION DEFAULTY VALUES 00530
C 00531
C NLOC = NUMBER OF MICROPHONE LOCATIONS DESIRED 00532
C HTK = HUB / YIP RATIOD 00533
C OR = OUTER RADIUS UF DUCT 00534
c EMX = AXIAL MACH NUMBER 00535
(" FKQ ~ TEST FREQULNCY 00536
C 00537
ODATA NLUC 7 2 /4 HTR / 0.438 /4 OR 7 5.0 Zo EMX /7 =0.07 7, 00434
1 FRQ / 3100.0 /¢ SPEED / 1356524 7 00539
c 00540
C MUDE DEFAULT VALULS QG54 1)
[ 00542
C M = CIRCUMFERENT 1AL MODE NUMBER 00543
d Kus - RADLAL ORDER . 00544
c 101R = WAVL DIRLCT10ON INDICATOR 00545
[ 00546
DATA M / 2%=2, 4U%0 /4 MUS /7 0, 1, 46800 /9 LOIR 7 291, 4830 7 00547
C 00548
C CONDITIUN NUMULR DEFAULY VALUE 00549
C 00550
L CUNUNOQ - MAXIMUM CONDITION NUMBER 00551
c . 00452
DATA CONDNO / 100.0 /2 0ab53
C 005594
C STOCHASTIL SEARCH PARAMLTER BOUND=DEFAULT VALUES 00555
C . G0s56
¢ XMIN ~ MINIMUN X VALUE DF pucty 00557
c XHAX = MAXIMUM X VALUE OF DUCT 00558
< DELX = MINIMUM AXIAL DISTANCE ALLODWED BETWEEN MICROPHONES 005%9
G UELR ~ MINIMUM KAUIAL DISTANCE ALLOWED & TWEEN MICROPHONES 0US60
c DELTH = MINIMUM ANGULAR UISTANCE ALLOWED BETHWEEN MICROPHONES' (DEG)GOSS]
¢ TMIN =~ HINIMUM LOUND FOR THETA 00562
C THAX = MAXIMUM BOUND FOH THETA 00563
C U0LH4
UATA XMIN / G.Q /4 XMAX / 12.0 /, DELX /7 1.0 7y DELR / 1.0 /, 00565
1 DELTH 7 Lla.% /4 VHIN # 0.0 o TMAX 7 360. 7 00566
C 00%6 17
C MICRUPHUNE LULATION DEFAULT VALUES 0o%69
c 00569
C ND = NUMBER OF INITIAL FI1XEU MICROPHONE LOCATIONS 0510
c XM = AKIAL CUMPUNLNTS UF MLCROPHUNE LOCATLIUNS 00571
C RM = KALIAL COMPONLNIS UF MICHROPHUNE LUCATIONS c0572
C THM = ANGLULAR COMPUNINTS OF MICROPHONE LUCATIONS 00513
C 00574
DAFA NO 7 1 7/, XH /7 50%0,0 Jo HM /4 285,04 4800,0 /, QusTs
1 THM / 50%0,0 7/ 00576
. 00L77
C STUCHASTIC SEAKCH DEFAULT VALUES o005 74
¢ 005 te
c P = PRINT INDILATUR FUR SEARCHES 00%%0
C MSFH — MAXLMUM NUHBEK OF SEARCHES 00581

41



PRATT & WHITNEY AIRCRAFT DIVISION VER OT/735/77
SC.PANLIB.LS 9.0 12.%0.00
c NVAL = NUMBER OF EVALUATIONS PER SEARCH 00582
C IXPNY =~ EXPUNLNT OF TULERANCE { £.G. TUL = 10, ¢#% IXPNT ) Y K
‘ NYAB = NUHMBLR OF LLEMLNYIS AN DETERMINANY TAGLE 0058 4 !
C NST = NUMBER OF ELEMENTS TU B€ USED IN CALCULAYING SYATISTICS  pOsas
c NVAK ~ NUMBLKR OF INDEPLNDENT VAKJABLES Q05L& j
C ] oubby -
DATA IPT / O /4 NSRH 7 %0 /4 NVAL /7 500 /4 IXPNY / -2 /» WYY _!
1 NYAB / 30 /s NST /7 30 7/ 0obLaY
CUMMUN ZSEARCHZ NVAR, (UHIG) 00590 i
DATA NVAR / 3 / 0059}
C 00592 :
C PRUBL DLFAUALT vaLuts uos Y3 O
C 00%4%4 .
C NPRUB - HKAXIHUM NUMBER OF PROBES ALLOWED IN DUCY 0059% i
C MPRUB = HAXIMUH NUMBER OF MICROPHOKES PER PROBE ALLOMED 00596
C 00597
DAVA NPRIIB / L /4 MPROB / 1 / 0uh98
c 005y Y
C GENERAL PRINY DeFAULT VALUES 00600
C 00601 [
C ILMU = PRINT INDICATOR FOR CHARACTERLISTIC E-FUNCTION VALUES 00602 .
C 0ve03
DAVA 1EHU 72 O 7/ 00L0A
c . 00605
C BESSEL FUNLYIUN VALUES 00606
C a06uL7
CLOMMUN /BLSSL/ DUMZ12)y DELKMU, TOLy MM, PI 00608
LATA LELKMU / 3.0 /3 ¥OL 7 0001 /9 Pl / 3.1415%93 00609
L 00410
L ANGULAR CUNVERSEUN VALUES 0Ua11
c 0061 2
c DLGKAU — ULULRLES TU RADIANS 00613
< RADDEG ~ RADIANS 10 DEGREES d 00614
c 00615
COMMON ZANGLES/ DEGRAD, RAODEG GOb16
DATA OLUKRAD / 0.0174533 /4y RADDEG / 5T7.29578 7 00617
C ' vosie
COMPLEX ONt,y ZERQ, DUM3 00619
CUMMUN /HATRXZ NDIM1, ONL, 2LRO, DUN3(2501) 00620
DATA UNE / (lay0.) 79 ZERD / (0.,0.) / gob21
tND 00622 -
SUBROUTINE CMUCALT RPHLIME, LNU, NMODES ) 00uL23
c V0624
C THIS SUBKOUTINE CALCULATES MMODES CHARACTERISTIC E-FUNCYION VALUES FOROOH2S
C A PAKBILULAR RAULIAL VALUL, RPRINL, 00626
C 00621
DIMENSTUN LML) 006
CUMMUN /RUMLIS KHU(S0 ), QMU{L0) 00629
LOMMLN ZRULESZ  AOOELS0), DUNZITUD) 00630
{UMAUN Z8ESS5L7  1SICNe JSIULN, DELKHU, TOL, My P G031
KEAL RMU 00632
i) 40 k=1, NMUDES 00633
2] = JAWSE MODLEEL) ) VLLEI4
[
R '
13
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SLQPANLI“.Lﬁ 9.0 12-50.00
181I0LN LI | 00635
IF{ M .Nt, O ) 1SIGN = MODE(IT) / M [CxT.
IF{ 1SIGN oGto O ) GO 10 70 , a0a37
L 00638
"C NtGATIVE MODE NUMBER. IF EVENy SIGN OF BESSEL FUNCTION WILL BE +1le IF ULODBL3Y
€ UuDDy SIGN OF BESSEL SUNCYION WILL BE —l. 00640
C 0v64l
IFC L H /72 ) ¢ 2 EQ, M) ISIGN = 1} . 0064 2
20 LONST & KMUILY » RPRIME 00643
C U0bk4s
C CALCULATE BESSLL FUNCTIONS OF FIRSY AND SECOND KIND FOR ‘KMULI J*RPRIME 00645
C 00646
CALL BESJL CUNST, My EMJ, TOL, LERL § 0CH&T
CALL BESY{ CONSTy My LMY, L1LRZ ) OCLA8
Mg = 1SIGN & LMY LV0bL4Y
LMY = ISIGN & ENMY Oussu
c 00651
C CALLULATE CHARACLILRISYIC E-FUNCTION 004652
C 0653
EMUL L) & tMJ ¢+ QMUIL)Y = LMY GOhbh4
40 CUNTINUE 00655
Y999 KRLTURN (IVTLY'S
END 00657
FUNCTIUN FALZIP (FUNLT, AL s BR 4 TOLs ROOT, 1TER, YY) . 00658
C 004%9
¢ LORRESPUNDS TO DLD VERSIUN (FALSIE) ARGUMENT LIST AS FOLLOWS (THIS IS 00660
C  FUR INTLERNAL PURPUSES UNLY, IN USE THE TWO ARE INTERCHANGEABLE ). GO66 L
C [V« 1Y, Y5
C FUNLTEON FALSEE JAXR, XXLs+ XXRy TOL, RODY, ITER, YY) 00663
C 00664
C 0066%
€ TH1S ROUTINE USELS A COMBINATIUN UF FALSE PUSITION AND BISECYION 06660
c TECHNIYUES 10 S0LVE FUR A RUUT ('RUUT') @F A GIVEN FUNCIIQN ' QobbLT
L T'HUNLT "} WHILH HAS ONE ARGUMENT (THE INDIE PENDENT VARTAGLE ). Q0664
C 0066Y
C AL BR Y DLFLINES THE INTERVAL TO Bt SEARCHED. QOLT0
C 00671
€ THE VALUL KETURNED BY YTHE FUNCTIUN 1S FALZIP. FUNCTIFALZIIP) = ROOY 00672
C 00673
C  THE SEARCH CONTINUES UNTIL IWO SUBSEUGUENT GUESSES ARE W1THIN *FOL? 00674
C OF tACH OTHERe UR UNTIL "IFLK® JTERATIONS HAVE TAKEN PLACL . aueth
C LT TS
L P¥YS IS REVURNED AS FUNCTYUFALZIP), AND SHUULD BE CLOSL 10 YROOYY, 00677T
c o0LTH
C THE JLLINIWUE WAS ADAPTED FROM AN ALGD  SUBRUUTING APPEARING IN THE 00679
C CONPUTER JIURNAL 12 (1969) =~ SLIGENVALUES UF A®X = LAMGDA®DSYX T
L WITH BANU SYMMETRIC A AND 8" BY G. PETLRS ¢ JoHe WILKINSON [JINT:N ]
C VObH2
EXTU RNAL FUNCT 0U6L3
REAL INTERP 00L&
Ink1T = & 00605
QOHLR L

[aR o

4 15 LOUNT OF ETERATIUNS. VobLYT

A3

P e afm
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SL.PANLIB, L4 2.0 12.50.00
134=0 00688
A = AL V0sA9
8 ¢ bR 00690
c 00691
€ EVALUATE FUNCYION AY LEFT (A} AND RIGHT iB) BRACKETS. 00692
AF = FUNCT (A) 06693
BF = FUNCT {B) 00694
c 00695
C THE FOLLOWING (THRDUGH STATEMENT 3) DETERMINES IF THE FUNCYIODN IS DF 00695
C OFPOSITE SLGN AT THE ENDPOINTS GIVEN. 00697
I4H = ) 00698
1F (bF - RODT) 2, 75, 3 00659
2 Isw & -} 007C0
3 1t {(AF - ROUT) * 1SW) 50, 8O, BS 00101
(" 00702
C STATEMENY 5 JMCHEMENTS THE COUNTER Js FIRST VIME THROUGH GO TO 50. 00703
S J e J e+ 00704
c 00705
C IF LEFT BRACKET HAS ¥*SAME' FUNCTION VALUE AS RIGHT, USE BISECTION. 00706
C OGYLERHISE s SET UP INTERPOLATLD POINFV FOR POSSIBLE USE. 0007
1E (ALES{(Ar - LF)/ZBFY ~ 1.E-5} 10, 10, 15 00709
10 IMILRE = BL1SECT 00709
sl 0 20 00710
15 ENILKP = {A®BF ~ B*AF + (B-A)SRUOT) 7/ (BF—=AF) \ 00711
c 00712
C IF WITHIN A TOLERANCE OF THE BRACKET Be MOVE THE INTERPOLATED PODINT 06713
< ONE TOLLRAKLE AWAY. 00714
20 1F (LALS{INTLRP=BI/ABSIINTVERP+B)Y) ~2.%V0L) 22,23,23 00715
22 INHRP = B « (C - B) / ABS IC = B) = TOL 00716
c 00717
C SET A-H (B IS5 ALWAYS THE PUINT WITH SMALLEST 4ABS) VALUE OF FUNCYION.uG/18
23 A = B 0oT1Y
AF » ' 00120
C aor21
C  USE PUINT CLUSEST TU 8 (INYERP DR BISECT) AS NEW 8 AND EVALUATE BF. 00722
IF (UINTERP -~ BISECT) * (B ~ INTERP)) 30, 25, 2% 1y FE
29 B = INTLRP 00724
o To 35 0012%
30 B = BLSECT o720
3% BF = FUNLTIB) w0127
BFMK = BF - ROUOT ou728
C 00729
€ IF CF IS5 UN THE SAME SIDE OF THE RUDT AS BF, LET POINT € = POINT A. 00730
40 1F {ILF = ROUT) ® BFHMR)} 55, 75, 50 Q031
50 ( = A 00732
CF = AF 00733
( 00134
€ 1F CF 15 CLDSER (AUS) TU ROOT THAN BF, SWITCH PDINTS 8 ARD C. 00735
L IN ANY LASEs B ANU C ARE THE TWU BRACKETS. ALSD BF S CLOSER TU THLOUT36
L ROUT THAN CF 15. 00137
5% 1F {AUBIBF — RUOT) —~ ABSICF = RUDTH) &0y 60, 57 QG Il
57 A = B 00739

Al = BF 00740

‘4
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SC.PANL1B.L4 9.0 12.50.00
B =( 0074}
B8F = CF 00742
C = 5 00743
CF = AF 00T44
c 00745
C SET UP BISECTION POINT. 1IF CLDSE ENOUGH, FINISH UP, OTHERWISE GO 00746
c BACK IF 1TERATION CUUNT DODESNST EXCEED MAX1MUNM. 00747
60 BISECY = {B + C) 7 2. aoT49
1F (LABS(BISECT~B)/ABS{BISECT+B]}) —2.¢TOL) 75,465,465 00749
65 1F (J - ITER) 5y 70y 70 Q0750
70 WRITE{IWRIT,1000)d,8¢BFCeCF 00751
1000 FURMAT (1HO/// 30Xe *IN FALZIP, AFTER', J4, * ITERATIONS® // 00152
1 1GXy YBRACKET 1 = %y (15,8, 5Xy *FUNCTION = %, Gi16,8/7 0083
2 10Xy "BRACKET 2 = %, G15.84 5Xy *FUNCTION = %, G15.8/ 00754
3 5Xe "ERACKET 1 WAS RETURNED AS RESULT.%) 00755
T5 FALZIP = © Ty LTS
¥YY = BF 00757
REJUKN 00758
B0 FALZIP = & 00759
YY = AF 00760
REFURN 00761
85 WRITE(IWRITw2LO00)ROOToAgAF BBF 00762
1100 FUKMAT (*0%3%IN FAL2IF, ROOT GIVEN (=%, G15.8, *) DION'*T FALL BETO00763
IWE=N VALUES OF FUNCTION AT BRACKEVS GIVEN®®%o/ . 00764
2 10Xe P"BRACKET 1 = %y G15.8s 5Xy "FUNCTION = *, G15.8 / 00765
3 10ay "BRACKET 2 = 0, G15.84 5Xs *FUNCYION = %, G15.8 7/ 00766
24 40Ke "TERMINATING HUN® } 00167
ST0P LIy 1Y)
END 00769
SUBKOUTINE IKPUT( TEND ) 00710
c ) 00771
€ THIS SUBROUSINE INPUIS THE DATA REQUIRED FOR YHE EXECUTION OF A FASE 00172
- 007173
DIMENSTUN MXMOUEL50), ISAVE{(5043) 00174
CUMMON /DFAULT/Z NLUC, HTR, OR, EMX, FRQ, M{50), MUSI{50), IDIR(50),007275
1 LONDNO, 1EMUy XMINg XMAX, DELXy DELTH, 00776
2 DELRe NDs XMU508y RM(50)y THHI%0)y 1PTe¢ NSRHy 00177
3 MYALy 1IXPNT, HPRUBy, MPRUB, NTABs N5Te SPEED, TMIN,GOT78
') THAX 00779
COMMUN /CNSTNT/ NMIKES, NMODES, SIGMAy, By MXy FREQ, Ay OMEGA 00780
COMMUN /MODESZ RUDE (500, MU(S0)s IWAVE(SO) UUIE L
COMMON /BESSL/ DuMlib)e P1 00782
COMMON ZANGLES/ UEGRADy RADDEG " coT83
CUMMUN ZEMUS/Z  LMU{50:5%U), LEMPRT Q0T84
COMMON ZBUUNLS/ XuoOURDE2,50), KRHBOUNDIZ 450), TOBOUNDIZ2,50), XA, XAB, 007BS
1 THHRINg THMAX, XLIM, RLIM,; THLIM GOTub
COMMUN /MIKESZ NDIM, X500, R{50), THETALS0} 0GtoY
COMMON /5EARLH/Z NVARs IPHRNT, NSRCHy NEVALe TEXPNTy NTABLE, NSTAT Q0798
CUMMON ZPRDBES/ 1HALLy TSAMEy NPROBE, MNPROR 00Ty
COMMUN ZLUNUIN/ GUOUCN 00190
¢ 00191
NAMLLIST ZINUATAZ NLUC. HTHRy ORy EMX, FRQ, My MUS, IDIR, CONDNO, GO?92
1 IeMU, XMINg XMAXy DELXs DELTHy UELR, L k)




PRATT £ WHLIYNEY AXRCRAFY DIVISION VER 01725777

SCePANLIb. LA . 9.0 12.50.00
2 NDy XMy RM, THM, IPT, NSRH, NVAL, IXPNT, 00794
3 NPROB,_MPROB, NTABy NSTe SPEED, THMIN, THAX 00795
REAL MX 00¥9e6
1END = 0 ) 0079y7
READ {54 INDATA £ ND=9998) Q0T9y
c 00799
C CHANGE INPUT UNITS TO INTERNAL UNETS ousiuo
C 00L0O1L
GOUDLN = CONDND O0ROD2
NMIKES = NLOC 00b03
NMUDLES = NLOC QOBO4%
SIGMA = HIR 00405
b = (R 00806
MX = EMX 00807
FRLQ = FHQ 00BOR
1LMPRT = lEMU 00609
XA = XMIN 00L10
X8 = XMAX 00811
XLIM = DELX 00812
RL1IM = DELR 00813
THLIM = DEGRAD % DELYH 00814
NUIM = ND 00615
1PRNT = 1PT 00816
NShCH = NSRH . Q0B17T
NLVAL = NVAL LT BT )
1L XPNT a IXPN1 006819
NbRuBE = NPRUB 0GR20
MNPR LB = MPRUB 00621
NTABLE = NTAD 00922
NSTATY = NAT 00823
THMIN = DEGRAD ® TMIN Qo824
THMAX = DLGRAD * THAX 00625
A = SPEED t 00H26
00 20 I=14NMUDLS - 00b27
MUDE (1) = Mtl) ouyzy
mutl) E MUS{IY 00829
InAVELY) = JUIR{(I) 00830
20 CUNTINUE 00831
PO 40 1=1,NDIM QOn32
xtL) = XM(1)} L0E33
R(1} a RM{1) 00834
THEVTALL) = THM{I) * DEGRAD 00B35
40 LUNTINUL [T TS
c Q081
C ORDER MOUE NUMBERS FROM LARGEST YO SMALLESY. ALSO ORDER RADIALS WITHINGOBL3B
€ EACH MULL NUMBER $ROM LARGEST TO SMALLEST 008y
c 00840
LH{ NRUDES +tE. 1 ) GO Y0 280 00641
DU S0 1=2),20 00B47
MXMOUE (1) = ] 00B&1
50 LONT INUL O0Obuwsy
LU 220 152 4NMODES 00R&Y

MaX F MXMODELL) 00446

ar
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IFt 1ABS{ HODE(L) } -~ TABSH MODE(MAX) ) ) 120, bou—ﬂo—ooan
60 TR KUIL) .LE. MUtMAX) ) G0 YO0 120 00849
80 DU lou J=2,1 0084y
4Jd £l =g+ 00850
HMXHUDE (Jd) = HXMODL(JJ=) ) 00851
100 CONT INUL 00852
MXHOOE (] ) = ] 0Ga53
GO TO 220 00854
120 O 200 K=2,1 00555
NEXT = MXMODE(K) QUA56
IFE FABS( MODE(1) j - 1ABS{ MODEINEXT) ) ) 200y 140, 180 . 00857
340 IFL MULE) oLE. MUENEXT) ) 60 TO zoo LY
160 J1t = K+ ] 06559
LU 180 J=41,1 00860
JJ =1 =43¢ g1 00851
NXHOLE (JJ) = MXMODE{ JJ=-1) 00862
FHO CONT INUE 006063
MXMLIDE (K ) =1 0088 4
G0 10 220 00845
200 CONY INUL C0Bba
MXMODE(] ) = 1 avBe7y
220 CUN1INUE 00668
c 0CE6Y
00 240 1=1,NMODES \ 00870
MAX = MXMODE {1} 00671
ISAVERI,]1) ¥ MODE{MAX) Glyy2
I5AVE(),2) = MUiMAX) 00873
I5AVEGL43) = IwaVE (MAX) 00874
240 CONTINUE 008
c 0o087a
DU 260 1s),NMODES 00877
MCDE (1) & LSAVE(I,1) 00878
MULT) = ISAVE{I,2) ' 00879
INAVELD) = ISAVE(I,3) 00840
260 CuNlINUE oosa}
C L1eT:3: Py
C IF THL EIRSY Ywo MUDE NUMBERS ARE EQUAL, SET ISANE IMDICATIR TO ) 00683
C QUBe 4
ZHO ISAML £ 0 OUBLY
IH MODECL) LE9. MODE (2) ’ ISAME « 3 00BHs
. O06Lb7
C CALLULAYL RADIAN FREQUENCY 0CLbLY
C O0HbY
UMLG A £ 2. % Pl e FREQ 00b9Q
C 0049}
L ZERD CIRDINATE BUUND ARRAYS C0OBYe
C uon9 3
DU 320 g=1,NLOG 00694
LU 360 1e],2 Uohysy
KIIUUNU(I.J) s 0,0 0Cbyn
REUUNDIT 8 = 0.0 oouey
If’-“llN"‘ 1 ed) = 0,0 0099.’
300 Cont Inn 00Ryy

4/




PRATT £ WHITNEY AIRCRAFT DIVISION VER
SC.PANLIB. LS 9.0
320 CONTINUE
GO TD 9999
[
[ END UF DAYA SEV
C
9998 IEND s )
9999 RETURN —
£ND
SUUROUTINE KMUCAL( YALUEs DELYA, KMUy RIGHT )
C
C THIS SUBKOUTINE CALCULATES THE_CHARACIERISTIC NUMBER; KMU
C
EXTERNAL BESLL, BESL2
COMMON ZONSTNTZ DUMLII2D0y SIGMA, DUM2{I5)
REAL MHU, LEFT
30 1PLUS = 0
EMINUS = 0
35 1+{ SIGHA ) 40y 40, 50
C
40 KMU = BESLZ{ VALUE )
G0 10 &0
50 kMU & BESLL1{ VALUE |}
C
&0 IF{ KMU } 80, 65' 70
65 RIGHT = YALUE
GO YO 130
T0 IpLUY = k
GO YO 90
B0 IMLINULS = 1
C
C DETERMINE IF LEFT AND RIGHT BRACKETS HAVE BEEN FOUND.
C
Y0 11 JIPLUS +EQs. 1 JAND. IMINUS EQ. 1 } GO TO 100
C
L BRACKETS NOT FOUND. RECYLE.
Ly
VALUSY = WALUE
VALUE = DELTA ¢ VALUE
GO TO 3%
C
C BRACKLETS FOUNDy, CALCULATE KMU
C
100 LLFT a VALUSY -
RILHT = YALUE
FFE SIGMA ) 110, 120, 110
110 KMV = FALZIPC BESLYy LEFT, RIGHTe 4001y Q.00 75¢ YY )}
GO TO 130
120 KMU = FALZIPL BESL2y LEFT, RIGHYy o001,y 0.0, 754 YY )
130 RETURN
L ND
SUBROUTINE KQLAL
L

ORIGINAL PAGE: 1:8
" OF POOR QUALITY

THIS SUBROUTINE CALCULATES THE CHARACTELRISTIC NUMBERS KMU AND GMU

01/725/M
12.50,.00

00900
00901
Q0902
00903
00%04
00905
04906
00v07
009048
00909
00910
uo9ll
00912
00913
0o9ls
[1e1°F &
00916
QueLT
00918
00919
00920
00%21
00922
00y23
00924
0092%
a0v26
Quuz?
009248
00929
COw3s0
QGvil
00932
009313
00934
00935
00956
06937
00939
00%39
00940
00941
004z
00%h 3
00944
00945
009%8
00947
UoY 48
00¥e9
00950
00951
00%H2
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SC.PANLIB. L4 9.0 12,50.00
C 00953
COMMON /MODES/  MODE U501, NUL50), INAVE(50) 00954
COMMLN /KQMU/  KMU{50), QMU {50) 00955
COMMUN /bESSL/  1SIGN, JSEGN, DELKMU, TOL, M, PJ 00956
COGMHUN ZLNSTNY/ NMIKES, NMODESy SIGHMAy DUM2{S) 00957
REAL KMU, RMUPRM 00958
c 00959
00 100 1=1,NMUDES . Vo940
c 00961
C CALCULATE URODLR FDR BESSEL FUNCTYION EVALUAXION 00va?2
C 00963
M = TABS{ MODE(I) ) 00964
IFt N .NE. 0 ) GO0 10 10 00965
ISIGN . =1 00946
JSIGN = -t 009467
BRAKIL = L1 00968
GO Yo 20 00969
10 1SIGN = MODE(I) 7 M 00970
JSIGN = 1SIGN 0097}
BRAKTL "M 00972
IFt LSIGN .GE. 0 ) G0 TO 20 00973
c 00974
C NEGAVIVE URDER. )F EVEN, SIGN OF BESSEL FUNCIION WILL BE +)]. 1IF oDD, 00975
C SIGN UF BESSEL FUNCTION WILL BE -1, \ 00976
C 00977
IFC UM 720 22 kg W) ISIGN = 1 0097y
¢ a0y 7%
20 NUMMUS B MUIL) ¢ 1 00980
C 00981
C CALCULATE CHARACTERISTIC NUMBLR KMU CORRESPONDING TO MODOE (1) AND MU(1)00%s2
C  THE VALUE UF KMU WILL BE THE MULI b+l ROOT OF THE EQUATION DEFINING oQuvu3
C THZ SYSTEM OF SIHULTANEQUS EQUATIONS 00984
c ! 00946 Y
KMUP KM = 0.0 . 00966
DU <0 Jd=1,NUMMUS 00987
1E4 B okQe 0 JANDL J L0Q. ] ) 60 10 40 ao9us
CALL KMUCAL{ DRARTL, DELKMY, AMUPRMy BRARIR ) 00969
BRAKTL = BRAKIR 004990
40 CONT INUE 0099}
KHU{ 1) = KMUPRM 00992
¢ 00993
€ CALCULATE CHARACTERISTIC NUHBER UMU CORRES PONDING TO MODE{I) AND MULI1300994
C IF YHL HUBZTIP RATIO 15 ZERO» SET QMU YO ZEKO AND CONTINUE 00995
C 00Yes
Thl SIGMA ) 60: 60, B0 00yy 7
60 gMUIL) = 0.0 00994
G 10 100 00yy%
O 1FL KMU{Y) ) 90, 60, Y0 clooo
Y0 CALL KLSJI KHUPRM,; M-8S1GN, EMML, TUl, 1R ) 0luog
EMM] = ISIGN & JSIGN * MM 01002
LALL BESJE KMUMRNy My EMJ, TOLy IERZ 1} 01003
CALL BESYL KMuUPHM, My EMY, 1LR3 ) 01004

tMy 151N » My 01005




PRATT & WHRINLY ALRCRAFT D1V1SIUN VER

SC.PANL Y.L A 9.0
t MY a LSLOUN & LMY
{ ALL BLSYL KRIPRM, M-JSIGNe EYMly 1LRA )
t YMl a ISIGN & JS5IUN P LYM]
A - EHMML - &t M ¥ JSIGN * EMJ ) /7 KMUPRM

i = LYMY -

{ H = JSIUN * LMY )} / KMUPRM

STGNAK = STGHA * KHUPRH
LALL BESJIE SIGMAK, A-J51LNe EMMLs TULs 1ILRS )

CALL BESIC SILHAR, My
LALL BLSYL SILMARe My

tMJy WLy JERG )
LMY, ItKRT )

CALL BLSYE SLIGHARN, M-JS1GN, EYHLe 1ERE )

S d316N o+ LML
JL1(N * cYML

( A ¢ JSIGN * tH.d b 7 SIGHAK
( M ¢ JSILN * EHY y / SIGMAK

t MM < 151N @
L YAl = JSILN *
L HS = ISIGN & tHJ
I MY = L&LIUN * LMY
L L tpeMl —
D = LEYM) -
wHub bl e LI

100 LLRYINUL
g999 RETURN
£ ND
s{reRUUTINE PRINT

L * SIGHA } 7 1 B+ 0 * SIGHA )

L
C THIS SUBRUUTIN PRINTS LNPAUT AND CALEULAYLD VALUES

C

(UMRUN ZCNSTNT/ NMIKES, NHODES, SIGMAs By MX¢ FRLQs A ONEGA '

CLMMULN ZHULE N/ MUDE §50) ¢ MULSOD INAVE(50)
LURMUN ZARLLE 87 DLURAL, HALDEG

CUMHDN JULHINDS/Z XBUUNLIL2 3500 REL

1 111N,

THMAX s XL 1Hy KL IM, THLIM

| UMMEN /tHUS/ EMUE S0 B0 e LEMPhY

COMMUN ZRMLIRLS/ NulMy
CLHMUN /50 ARLIY/ NV AK 4
VMM /WAVLNO/ AA(HU)

X(htly REOVD THEVA (50D

LPhiNT, N3HLHe NE VAL s LEXPNY, NYABLLE . N?lAT

€ LMBLN AREMU/ RHULDUY e WMD)

R AL MXy AMU
Cucteren R KXANGL

L
¢ CUNYVLRY INVLANAL UNETS i1
C

T ITH = RADDEG
THMIN = RAUDE L
THMAX = RADDLL

i Al J=1¢NMIKLD
e S0 b=l
ThiNO Ly 4 * RAVDLEG
20 CUNT TN
Tt 1At d} a RADDLG
AU [UNFINUE

¥
L LUNVERD ANY NELATEVE ANGEL
L

OUIPLYT LUNLTS

+ JHLIM
THHIN
v THMAX

* 1BULNDLT I

* ThtiALD)
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<

il

&

WNDA2 ¢ 20 Dy TROUND (29 50)s XAe XBe

01/25471
12,5%0.00

01000
0 007
olooh
Vluly
olvlu
01011}
0ivle
oluld
D101 4
0l10LY
01016
oloi?
olold
01u1e
oiuze
olozl
01022
01023
01004
olLOds
01026
olul?
01028
Ui102Y
01030
Q1031
[\ BYAEYY
o3uldl
01034
[IER
TR
01037
gluat
0104sy
[y
QL1041
0104 ¢
01043
Olusék
01045
QL4
01047
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01049
gl04U
Glusl
Gluhd
olubl
Hiluhéa
wluhd
plone
plob
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PRAYT & WHITNEY AIRCRAFT DIVISION VER or/25/717
SC4PANLIB.LA 9.0 12.50.90

€ PRINT INPUT 010459

c 01060

WRITEL{649000) 01061

9000 FORMAT{ 1Hl, Th#es "®%¢ NICROPHONE LOCATION COMPUTER PRUOGRAM 8131062

17 01083

WRITEL6,,9013) . 01064

9613 FURMATL /7y T56s "eae INPUT VARIABLES «eo® } 01065

WRITE(S649000) NMIKES» NMODES 01066

9001 FURMAIL /79 TS5y 'NUMBER OF MICRGPHONE LOCATIONS = 'y 12, T5l» 01067

1'NUMBER OF (MOLE MU) SETS = o, 12 } ) 01064
WRITE(Ge9002) : 01069 .

9007 FUKMAIL /75 1Xy "eaa INPUT MOUES <ss%y /70 159 "MODE'y Tl4, 01070
1'CIRLUMFERENTIALYy T34, *RADLALY, TATy 'WAVE®, Tol: "AXIAL WAVE NUOlO7!L !

ZMBLK Yy TEY, "RMUY, /4 Thoe "MODE NUMBER®y T34, SORDER', T47, 01672

IYINLULCATUR®y T62¢ *REAL®y T71, *IMAGINARY"; /7 } 0la73

DU 0 T=1enNMODES 01074

KXANGL = RADDLG & KXI{I) 01075

WKITE[6,9003) 14 MODEC1Yy MULL Y, IWAVELI)s KXANGLe KMUIL) 01076

9003 FURMATL 5Xe 12y ilXy 14y 13K, 12, LUXy 12, 9%y F10.4y 1Xy FLO.&y GI1077

15%Xs HlUo& ) 0lova

80 CGHTINUE 01079

WRITE(6y 90053 SIGMAs By MXy FREQe Ay OMEGA 010%0

9005 FORMAT( /770 1Xe *see TEST GEOMETRY AND CONOITIONS ooaty /79 T5, 01081
LénUb 7 118 RAT1IO = ¢, FB.3, T42, YOUTER RADIUS OF DUCT = %y FJ.3s 0lOb2
2184, YAXIAL MACH NUMUBER = %, FBs3y /¢y T5, "FREQUENCY = ¥4 FLO.3y 0LpB3

3142, 'SPLED UF SCUND = %, F9.2s THB4y "RAULAN FREUWUENCY =®, F12.3 )0lGb4
WhiTilby%008) NVARy NSRCH, NEVAL 01085
9006 FUMMAGL #77¢ 1Xs Yecn STOLHASTIC SEARCH VALUES saaty 770 T5¢ 01096
LYtUMbER CF VARIABLES = %, I2, T42, *MAXIMUM NUMGER UF SEARCHES = 01087
2y 15, 164y SNUMBEKR UF EVALUATIONS PER SEARCH = %, I5 ) oloed
WRITLLG,%GO0T) ’ 01089
9007 FURMAT( #7y 15y "MICROPHUNE®, T59,; ®PARAMETER BUUNDS"s/y T20 G090
TYMINIMUM X%, @Xp "MAXIMUM X%, 5X, 'MINIMUM R®, 4X, PHAXIMUM R®*, 01091
25Ky "MINIMUM THEJA®, 4Xy YMAXIMUM THETA®y 7 ) 01092
DU 1u0 J=2,NMIKES 01093
WRITLL 6, 9008} Jo ( XBUUNDELyJ)9l=192 Jy | RBOUNDU(1,3)4ix1,42 )y 01094 :
1 { TBOUNDUL4d)y 12152 ) 0lovs |
QOO FORMATU bXe 129 3Xp 20Kk Te390X9FTa3)y 9%y FTu3s 10Xy F7.3 ) 01096 ;
100 CONTINUE 01097
C 01094
€ PRINT MICROPHUNE LOCATIONS 01099
€ eiluo i
WHITL (b 9000) 01101
WHITE{ 6490609} 0i102
9009 FLRMATL /75 1X¢ Yaue CALCULATED MICROPHONE LOCATIONS aeo'y /75 T5,01103
1YHICKUPHUNLE s 125, X%, Ta2y *RO, 15T, STHETAYy /7 ) 01104
DO L20 1=L+NMIKES 0110%
WRKITELb,%0L0) 1y X41)» RUI}y THETALILD 01106
G010 FULRMATL 44X, E2y %X, B(FLl2.6p5%) ) 01107
120 CO{NT INUE olloy
C a1109
C PRINT LHARALTERISTIC E-FUNCTIUN VALUES IF REQUESTED o::}?
€ 0

81



PRAYT L WHITKREY AIRCRAFT DIVISION VER
SC.PANLIB. LA 9.0

<

coem neo

lalialal [aRak =l

[N ol ol ol [sBaK o [sXal

[l o

1H4 LEMPRT oLts O ) GO TO 9999
WRITE(6e9011Y | I,T1=1,NNODES )

ALUTEUN VALUESY ses®e /7y 1Ky 'LOCATIUN's 168, *MODES'y /2 B8Ry

216X 020y 7 )
LU 140 Js)oNMIKES
whibLlapr0LZ) 3o | EMUEL g ) ol=13NMODES }

PUL2 FUKMAYL aXy 129 55X 1511XeFT3) )

140 CoNYINUE

9999 KLTURN

END
SUBRDUTINE STOCHE FCTe IND, WORK )
CIMLANSION INDELD, WORKEL)
EXTERNAL FCT
CUMMULN Z1INL1L/ NPARMs NSERCH. NEVALy NTABLE, NSVAT, 1SEED,
1 1LXPNT, 1PRINTy 1TYPEs LTy 4Ty ICNVRGy TOL
COMMIN ZINDEX/ DUMLLZ)y INDEX#y INDEXSe INDEXG&y INDEX?
COMMUN /5ELDY JSEED

INITIALL ZE PARAMETERS FOR SEARCH
GALL INITAL( WORKy IND )

SEAKLH L UOP

DU 120 I=)sNSERCH
J5ELU = JSELD

GENLRAIE STAVISTICS FUR SEARCH I
LALL STATL WORKy 1)
tVALUAYTEUN LODP
P 100 J=lyNEVAL
GENERATE RANDUM PARARMETVER VALUES
CALL RANDUM{ WORK )
EVALUAIL FUNCYIUN WITH RANDDM PARAMETER YALULS
LP a FCTI Op WURKLINDEXT#L}y 1E 3

$F FUNCTIUN VALUE (GFY 15 MEANINGFUL UPDATE G TABLE. 1F NOY GO
NEXT LVALUATIUN

1HL 1t Gle O} G T 100
LALL UPDATEL WURKy GF )
100 CONTINUE

PRINT RESULTS OF SEARLH T 4F REQUELTLD

10157,

oa TO

0r/257717
12.50.00

o112
01113

9011 FORMATL /7774 1%X3 tees CHARACTERISTIC E~FUNCTLON VALUES (FINAL SCLO1114

01115
01llé
o117
o111
01119
01120
allz2l
0llze
01123
Oll24
DlL1lZ%
01126
o1127
01124
01529
01130
01131
01132
01133
Gl1134
01135
OiL3b
01137
01138
01139
01140
Qllal
0ll42
01143
Oilas
0ll4b
Ol1l46
01147
Ull48
Qll49
01150
01151
0ilb52
011%3
Qliba
011%%
oL1he
011567
gllsy
011569
ollhu
0llol
vile?
0llsl
013104



DiaCAL vacrr

OF POoie oF A
PRATT &L WHITNEY AIRCRAFT DIVISION VER 07/25/71
SC.PANLIB.LA 9.0 12.%0.00
C 01165
1L IPRINY £Q. 2 ) CALL PRINTT{ WORK, I } 01166
C oLl67
C TtST FUKR CUNVERGENCE. IF CUNVERGED, RETURN WITH VALUES OF VARIABLES 0ll68
€ IN IHE FLIRST NPAKM ELEMENTS QF WURK AKRAY IF NOTy GO ON TO NEXT 01169
L SEAKCI. oLL70
C oLl
CALL LUNVRGE WORK ) 01172
1Ft ILNVRG «G1. © ) 60 Y0 140 01173
NULALL = FCT{ 1y WORK(INDEX7¢1)y 1€ ) 01174
120 LuNT INUL 01175
(d o0l1174
€ PRINT RESULTS OUF LASY SEARCH If REQUESTED oLt
C 01178
1 =1 -1 01179
140 1F({ IPRINT .tde 1 ) CALL PRINTTL WODRK, 1 ) 01180
16681 = TFIXK( WORK{INDEXA+L) + o3 ) 01181
DU 160 Ix1,NPARM 01182
JNDL X = INDEX6 + NTABLE ¢ ( X =~ 1) 01183
WUKK E1) = WURK(JINDEX+ IBEST) Glleh
160 LUNT INUL 0L165
1D 6 ) = I15EED 01186
C 01167
9999 RLTUKN . 01199
t ND 0L1bY
SULKUUTINE INITALL %ORK, INOD ) atlvo
c 01191
C THIS SUBRUUTINL INITIALIZES PARAMETERS FOR THE STOCHASYIC SEARCH 01192 r
(o 01193 |
DIMENSIUN WORK{1l), INDIUY} QlLLY4 ;
CUMAUN ZINITL/ NPARM, NSERCH, NEVALy NVABLEs NSTAT, 1SEED, IDISY¥, 01195 ]
1 1LXPNT, IPRINT, LTYPEs LTy J¥s 1CNVRG, TOL 01196 !
COMMUN /INUER/ INOLXZ, INDEX3, INOEX4, INDEXSs INDEX6y INDEX? 01197
CUMMON /LUDPS/ NLUDP oLl98 i
[ 0119y
NPAKM = 1NDL1) 01200 !
MNSERLH = INDI2) 01201
NEVAL = IND{3) 01207 i
NTABLE = INDE4) 012034 :
NSTAT < IND(D) 01204
15LED = IND(&) ai20%
10087 = IND(T) 01206
1t xPHT s InDLH) 01207
1FRINT = INUI9Y 01208
11Yre = INL(10) 01209
1MuE X2 % ¢ & NPARM 01210
IHLHE X3 £ 3 % NPARM 01711
100L X4 = 4 % NPARM 0121/
THOE X5 = INDIX4 ¢ NTABLE 01213
H TR = INU{XYH ¢ NYABLE V1214
IR Y = INUIEXS ¢ NTAULE * NPARMN DlL21%
NLLUP ®= NPAKM 72 1 vlzls
10 7 & NLOGP oNl. NPARM ) NLOUP = L + NLODP 01217

51




ORIGINA .
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Q0R ()Lkalkﬁria
PRAYT & WHITNEY ATRCRAFY DIVISION VER 01725717
SCPANLIDLLA 9.0 12.%50,00
(8 0l2tb
LT = NTABLE 01219
JT = NTABLE 01220
1CNVRG & 0 01221
YuL & 10« *% FLOATUL JEXPNT ) Q1222
IF{ NTABLE .LbLe 1 )} NTABLE = 2 , 01223
IF{ NSTAT oLEs 1 ) NSTAT = 2 01224
1F{ NSTAT GTas NVABLE ) NSTAY = NTABLE Gl22s
TF( 1S5kt okke O ) 18tED = ) . 0lL226
C 01227
C SEY UP Ky Gy AND P TABLES ar22s
C oizze9
DO 20 1=1sNTABLE 0123y
WURK LINDLX4+I) = ] 01231
20 CONDY INUY 01232
DO 40 1=1eNTALLE 01233
WULK {LHUEXS¢l) = 0.0 01234
#0 CONTINUL 0lzas
LEMLNI = NTABLE * NPARM 01236
LU &0 1=)4LEMENT 0Lz37
WiIkK{IROLXae)) = 0,0 01234
60 CUNTINUL 01239
Y999 KETURN 01240
L Nu . o124l
SUBRRUUTINE STAT( WORK, ISERCH ) 01242
C . Glza3
C THIS SUBKUULINE GENERATES THE STATISTICS REQUIRED FOR THE SEARCH Ul24%
C Q1245
OIMENSIUN WORS(L) 0124t
CUMMUN ZINITLZ NPARM, DUM1{21}, NTABLE, NSTAT, OUM219} Glea?
LLMMON ZINUEX/Z INDEXZ, INDEX3s INDEX4y INDEXRS, INDEXG, INDEXT 01248
C Glz2a9
1FL 15ERCH +Gl. 1 1} GO 10 &40 ! vl2s0
[N G1251
< FIRS5T SEARLH = CALCULATE MEAN AND STANUARD DEVIATION FROM INPUT 01252
C PARAMETLR BUUNDS 01253
[ ' 01254
0 20 L=1eNPARM gless
18 = WORK{(I) Glz56
HR = WORK{NPARE+]) 01257
WURK LINDLX241) = .5 % { BR + BL ) 01254
WOCHK (INDEX3+I) = .5 % § 8R -~ BL } 01259
20 CONT INUE 01260
GO TO 9999 01261
L ulébe
¢ DETERMINE MEAN ARD STANDARD DEVIATION VALUES FROM P TABLE 01263
C 01264
40 LD 160G J=loNPARM 0izoad
JNUE X = INULXS ¢ NTABLE * ( J = 1 ) Glles
FAVG & WURK{JNDEXe1) 01247
U0 120 TR24HSTA) 01264
FAVL = NURK(JNDEX+#1) + PAVG 0l26Y
120 CUNFLINUL al2H0

LA vy . L , . 4




PRATT & WHITNEY AXRCRAFY DIVISION

SC.PANLIB. L%
PAVL & PAVG / NSTAY
11 = IFIX{ WORKR{INDEX&4ed) ¢+ o3 )

C

140
160

9999

WORK { INDEX24J} = WORK{JNUEX+11)

PS1GMA =

0.0

DD 140 I=1,NSTAT

PST0MA
CONY INUE

WUKK (INDEXA+J) a SORTE PSIGMA / ( NSYAY - L ) }

COUNT INUE

RETURN
END

SUBROUTINE RANDON¢ WORK )

("f”:”VAi,J~-

I '7’{)[{ O

VER
9.0

= { WORK{JNDEX+I) = PAVG } #%' 2 ¢ PSIGMNA

C THIS SUBROUTINE GENERATES RANOOM VALUES USED IN THIS EVALUATION

C

C

DIMENSION WORK(1)

COMMON ZLIN1TL/ NPARMy DUMI{2)s NTABLE,
1

DuMzE?)

COMMUN ZINDEX/ LNUEX2, INDEX3, DUM3{3), INDEX?
COMMUN /ZPHUBES/ IWALLy ISAMEs DUMA{Z)

CUMMEN ZULNSTNTZ DUMSHE3)y By LUMGIS)

COUMMUN ZMIKESZ NDIMy XU50), RIS0), THETAISO)
COMMON ZB0UNNSZ LUMTE301), XBs OUMB(S)

DU 340 J=1yNPARHM

IFL 15AME 4GTe

o)

G0 YO 120

NSTAT, ISEED, 1D15T,

¢ MODE NUMBER 15 NOT THE SAME AS THE FIRST MODE NUMBER

C

c
c
C

20

40

&0

80

100

JFL IWALL )
IF{ J oLE. 2 )
WORK (INDEXT+D)

It 4 WGTa 1 )
HORK {1NDEXT+J)

IFL 9 =2
HORK ( INUEXT+J}

HORK LINDEXT+J)

MODE MNUMBER I3 THE

120
140

160
180

200

LF( IWALL )
IF0 J oGTa Y )
WORK { INDEXT+J)

1t b - 2}
WURK { ENDLXT4J)

RORK (L THDEXT+3)

= XB

X{NDIM-1)

SAME AS MHE FIRST

= X8

s 0.0
= B

THETA(NDIN~-1)

404 20¢ 60
GO TO 280

GO YD 9999
GO0 70 2%0

GD YO 340
60y 100, 280

GO TO 340
GO 10 340
MUDE NUMBER

140, 150, 220
Gl TO 280

GO YO 340
260, 18U,y 200

GU TO 340

Ay

Yt
Abdry

01/25/.77
12.,%0,00

01271
01272
01273
01274
01275
01276
01277
01278
01279
01280
01281
01282
01263
012684
01285
0l2es
01287
01268
01289
01290
01291
w1292
01293
01294
01294
01296
61291
01298
01299
01200
01301
01302
t 01303
01304
0130%
01306
ul3o?
01308
01309
@l310
01311
01312
1313
01314
0i3ls
olsle
01317
01318
01319
0l3zu
01571
01322
01323

55
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AT1 € WHITNEY AIRCRARY DIViSION ' VER
PANLEB.LA 9.0
GO YO 9999
S0 1FL 9 ~ 2 ] 240y 20600y 280
240 WIRK (INDeXT44) = XI(NDIN-1)
G0 10 340
2460 HlHKllNUleOJI s THETAINDIM-1)
' Gl TO 340
Lt NLRATE RANDUH VARIALLE
280 LALL STIVARL 10157, L.s XXy ISEED )
XX ~ HURK{INDEXZ#J) ¢ XX ® WURK {INDEX3+J)
CHECN THAT THE vaLut OF XX 15 WITHIN REQUIRLD BOUNDS. 1F NOTy
HLGENLRATL A NEW VALUE OF XX
TFL XX ~ WORKEJD ) 240, 300, 300
300 IHL XX = WURK(NPARMe DY ) 320y 320, 280

aZu WURK L THBE X4} = XX
1450 LUNT INUL

gyy Rt TURN

[N ol o

ol o

€
L

s

t Nb
SURKRUUTENE HPDAREL WOKKe GP )

TilS SUBKUUTINL UPDAIES THE G TABLE W3lH YHE CURRENT VALUE OF &P

DIMENSIUN HURK (1]

CumniN FINITLZ NPARM, DUM1 (2) s NTABLES DUMZ (5)y TTYPE, LT JVe

1 UMt 2)

CUMMUN 7 LNDEX/ INDEX2y INDEXD, INDER4Ay INOEXS, INDEXG, INDEXT

LASTL = JHIXL HURKIINDLX&GNIAHLh) + .3 )
G SY = WORK [ INDEXS#LASTO) - uP

4

164 11YPL <6Y. O} LIESY = GPF = WORK (INDEXS ¢LASTG)

CUMPAKL P W1TH THE KINFARLE ) LLEMENT OF TuL G TADLE

160 GTEST ) 9999, Y999, 20
20 K1 =~ LASTG
HUHK(INU&K&OLAS!GI = GP
ul A0 1s1yNPARM
JRUL X =~ INDLX& ¢ NVABLE * I =~ 1 ) ¢ LASTG
WURN {JHDEX)Y = WORKCLINDEXT+1)
40 LUNTINUE

DE 11 KMINL PUSTVIUN UF GP IN G TABLE
U] ) SR |
NLXTU » LFIX( WORKLINDE X4s31} ¢ <3}
LTEST . WORK{INDEXSeNEXTGY ~ GP
Bt 1tYPE «Gle U} GILST = G - WORK LINDEXS+NEXTG)
1L LTLST ) 100, 10as B8O
go Lt g 41 oGle 1) oL H1 6O

ot = el . . - ‘y

01225477
12.50.00

01324
GL32D
01326
01327
01328
0L32Yy
01330
01331
Uiz
Q1333
01334
0133b
01336
01334
01338
01339
01340
01341
01342
01343
01344
0134ab
013406
01347
[{FRLS:]
0134y
01350
013421
01352
Olabd
01354
a13ss
ul1ishbd
01357
ol13s8
0lasy
012160
0136}
01367
01363
0l13b4
01365
ulieb
01367
uliel
013069
ol370
(EYR!
uLait?
oL
01374
GL3TS
0l3te
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+ POOR QUALSTR

PRATT & WHITNEY AIRCRAFT DIVISION VER
SC.PANLIB, L% 9.0
47 & 0.
GO TO 120
100 IFt JT J€Q. LY-) ) GG TO 160

C UPDATE K (INDEX) ARRAY YO REFLECT ENTRY OF GP INTO THE G TABLE
C

120 WORK (INDEX4+LT) = WORK{INDEX4+LT~1)

1F{ JT +GE. LI=2 ) GO TO 140
LY =LT -1
GO 70 20
140 WORK {INDEX4+LT~L) = KT
160 LY = NTABLE
JI = NVABLE
Y999 KETURN
END

SUBROUTLINE CONVRG( WORK )

C
L THIS SUBROUTINE TESTS FOR THE CONVERGENCE QF THE INDEPENDENT PARA-
C HETLARS

C
DIMENSION WORK{L1)
CUMMLN ZINITL/ NPARMy DUML(2), NTABLE, DUM2(B8)s ICNVRG, TOL
COMMUN /INDEX/ DUM3{4)s INDEXby INDEXT
COMMUN /PROBESZ IWALL, ISAME, DUM&(2) .
[
DU 1GO 1=1,NPARM
1FL 15AME 01, O ) GO TQ 15
C
C MODE NUMBER 15 NOT EQUAL TO THE FIRST MODE NUMBER
C
IFL IWALL } 35y 5, 10
5 IF{ 1 aLlke 2 ) 60 10 38
G0 TO 100
10 IFU 1 JLE. 2 ) GO TN 100
G0 T0 3%
Cc
{ MODE NUMBER IS EQUAL TQ FLRST MODE NUMBER
<
15 IF{ IWALL ) 20, 25, 30
20 IFt ] +EQ. 2 ) 60 TO 100
GO 10 3%
25 IFL 1 J6E. 2 ) GO 10 100
G0 70 35
30 1Ft I JLEa 2 ) GC 10 100
C
C CALCULATE MINIMUM AND MAXIMUM P VALUES
[
3% JNDEX = INDEX6& + NTABLE = { | - 1 )
PMIN = WUORK{JNDEX+1)
PMAX = PMIN
L0 8O J=2,NTABLE
4 = WORK{JROEX+D)
1FL P ~ PMIN ) 40, 4%, A%
- L = ,‘_......k.‘!_..-_d.-.-..-, .Y-' — ot

01725711
12.50,00

01377
01378
01379
01380
01341
013b2
01343
01384
01385
Ol3se
01397
013ab
01369
01390
01391
01392
01393
01394
01395
01396
01397
01398
013yy
V1400
01401
01402
01403
01404
01405
01406
01407
01408
61409
01410
01411
Glal2
01413
01414
0l41%
0lsl6
0lals
01414
0is19
¢l420
01421
Gle22
01423
Ulazé
01425
01426
01427
01426
0142y




PRATT & WHRINEY AIRCRAFY DIVISION VER QT/25/777
SC.PANLIB. LG .0 A2.50,.00

40 PMIN = P . 01430

GO TO so 01431

5 IF( P - PHAX ) 80s 80, &0 01432

60U PMAX & P Oka3s

80 CONTINUE Ul434

C 0143s
T1E8T = ABS{ PMAX ~ PMIN } / AMAXLE 1.y ABSE PMAX + PHMIN )luislde

IFE TEST - TOoo ) 100, 100, 9999 Gla3?

100 CONT INUE 0l438
Olady

€ CONVERGENCE CRITERIUM MEY FOR aLL PARAMEIERS, SE7 CONVERGENCE 0la40
c INDICATOR Olasi
c Glgsz
FCHVREG = 1 01443

9999 RETURN Class
END 0lasan
SUBRUTINE SEVAR(L Je C, Xy 18 ) 01446

W Ul4s7
C THIS SUBROUTF INE DEVERMINES RANDOM VARIABLES FROM EITHER A NORMAL OR ANO 444
C  EXPUNENTIAL O1STRIBUTION 0laqy
C 01450
1Ft 4 6T, 0 ) GO0 YD 160 LY

c O}qh2
L NUKMAL DISIRIBUTION \ 0las s
C Glabg
K = 0 Olabs

GO TD 40 Glabt

20 K =1 + K Jlasy

40 CALL RANDY{ RUs 18 ) 0l458

Rl & RO 01asy

60 CALL RANUI 2, Id ) Ol4b0
1F{ R2 ~ Rl } 80y 100, 100 Olasl
B0 CALL RANDI Ri, 1B ) d ) YY
1Ft R1 ~ R2 } &0, 20, 20 . 01463

LOO CALL RANDY Rle 18 ) Qlsas
'Y = K Dluess

1L K2 = .4 ) 120, 140 140 Olbsn

120 x =L % { FK ¢ RO ] Ul467
GO0 710 999 Olaspy

140 x 2L * L FK + RO ) 0laey
GO Y0 9949 01470

[ 0147}
C EXPONENT 1AL DISTRIBUTION 0l472
C Olapy
160 K = 0 0latls
6D TO 2¢0 Ul47s

180 K 2 ) + K 01474
200 CALL RANDY KOs I8 ) 01477
LS = RO Olaty

20 LaLl RAND{ Rey 18 ) Ulaly
1FE R2 - RI ) ShRO, 260y 280 Qlanp

240 LALL KANDH Riy 183 ) 0lant

IF4 RY - R2 )

220, 1890, 180 01402
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FRATT L WHITNLY AJRCRAFT D1vISION VER or/25/77

SC.PANL 1H.L 4 9.0 12.50,00
200 tK = K 01443
X = FK ¢ RO Ol4aHe
b EEXPL XK =~ 5 0 X X - .5 ) Olafly
LALL RANIML R2, LU 3 Dl4B
1F{ R2 - ¢ ) 280, 280, 180 Glah?
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SCoPANLIb, L4 9.0 12.50.00
5 IF( ABS( Al2) - THETA(LI) } ~ THLIM } 10, 10, 15 0l589
10 IF{ IWALL J.LE, O ) GO YO 9998 01590
IF{ AbS( Ag3) - RII) } = RLIM } 9998, 9998, 15 01591
1% CONTINUE ' 01592
: 01593
L CALCULATE HDIM CHARACTERISTIC E-FUNCTION VALUES FOR CURRENT VALUE OF k01594
c 01595
KFRIME & Al3) / 8 01596
CALL EMUCAL{ RPRIME, EMULL yNDIH), NDIH ) 01597
c 0ls98
C SET UP RUW NDIM FROM CURRENT VALUES OF X, R, AND THETA . 01999
¢ . U600
OO0 20 J=1,NDIM 01601
LXPNT = (MELXE 0.0¢ REALL KX(J) ) » All) + MDDE{4) = A{2) )01602
MATRIXINDIMoJ) = EMU(J,NDIM) * CEXPt EXPNT ) & EXP{ ~Afl) * 01603
1 ALMAGL KXtJ) ) ) 0i604
20 CONTINUE 01605
C 01506
€ CALCULATE VALUE OF DETERMINANT FOR CURRENT PARAMETERS 01607
c 0l6GH
FACTR . = ONE 01609
DO 60 1=14NDIM] 01510
FACTR & = | MATRIX{NDIM,X} * CONJG( MATRIXII.1) ) 7 0ls11
1 CABSE MATRIX(E,1) ) %% 2 ) * RACTR (TN Y.
DIVSR = = MATHIX(I1) * CONJGI MATRIX{NDIH,1} ) » * 0lel3
1 CABSE MATRIXINDIMyI) ) *% 2 01614
MATRIXINDIM,I) = ZEROD 0liols
JJ =1+ 0l6lb
0U 40 JaJJ,NOIN 01517
MATRIXINDIMyJ} = MATRIX(I,9) + DIVER & HATRIXINDIM,J) 0lsls
40 CONTINUE Glal9
80 CONTINUC Dls2o
c ' 0162) "
OETY = MATRIX(INDIM,NDIM) * FACTR ® DET . 01622
DETC AL = CABSI DETT ) 01623
GO 10 9999 0le24
Y998 1t = ) 01625
9999 KETURN 01626
END 01627
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